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for a mutant .... the NlUlt"" mod'''cattan con ~bI. tWi pheno~ ...... lIy 

*-,d 'n the mutant homozygot.. The muklnt l'M, 'n a .,,,,t. daM, and the 

terotoaen potentfate the phenotyptc traIt; that ta to ICI)', the,. la a ...,. ....... top\ 

rnteractfon. Two autOlomal cfamfnant genet of the mouM, Crooked-toU (Cd)-.d 
~ , 

RI., MIons ( Rf ) yr.ld apcntaneous ~)(.ncephaly ln the" hom~ fonn, the ' 

heterozygo* Nmalnlng una'fect.d. Two stratns of lnbr.d remel .. , A/J and 

S'WV, 'Ne'" croued to heterozygott and wnd~ mal .. , and treated wlth fnaulfn, 
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Icnown to lnduce ._cephaty. The nonparaneiltM of the doIe-rllflOl"M + 
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tndfc:oted a ...... ratogen t"teracttcn. ~~ ... twtatlna of the h~ weil 
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Il 

Quclrid"" tfrotopne tif aclmJnft'!'f a un organ, .... "'Nroaygote 

, pour un .... , la _'''cattan .... ultante peut ,.....,.bl.r au ph6notypll normean.ment 

\ .. trou~ chez 1. mutant homozygote. L ••. ne mutGnt 1 .n doM ,Impl. et t. 

l'ra .... donnent d. la foret ou trait phfnotypfque; Cl tst~ .. (U ... un. actfan 
; 

rl6clproqu. entre le gtfte et le tfra~e. Deux.nes outOilomat. domtnant.a 
\ 

"ClOOIctd-h:lUP (Cd) et "Rn, fUirons" (Rf·) produtcent fI'xenc:ephalte spcnton" 

• ltur fonM homozygote, 1" h."rozygotts demeurant som afftctatron. Deux 
, 

II~ dt ,..n" ccnsangutnll, A/J et SWV, furent crot .... b d. mOI., 

~'''roaygo .... t dt type lGuYagt, et traftfts éiv.è dt l' '~ul '~e, reeonnue pour , 
\ 

lnctu~~ " .. cephalle. L. non .. pcuoU.'11lM .. caurbe).dose ..... octton 'ndlque 

une aOtfon ... c,~ ......... ra..... Une tont~,. dt 10 portl• paetwl.ure 
\ 
\ .. 

du couPt ttoft ........ _ ch. qUlt..-""", .. pNmr.,. emlHyoN .xenctphcatt .... 
\ 

\ . 
dei .......... hfN~ Mlf Nt_ Ut te' tort",..,t de le part" ,.NMuN 

, 1 

du cor~ nt lit ordinal ....... ~ aponton..,. que chez 1. mutants': ~, 
, , Il 

IU •• ,.,~ que l' "-lfM .t t ..... MU .. t ont GIf un M' l'autre dans I .. ~ .. I~ 
r.J., , . 

pour . . \. UIMt-,..~I.t.. La tendon plade a,,!, 1. pna ,neuroUM par ce .... ~"" 

CI prfYIftu\ t. fui ......... et CI ....... la CCIftCIItIctn d' ..... ,cephal1 •• 
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INTRODUCTION 

one 01 the "nt malor ntOIphotog'CO~II" to oc:cur 'n the 

embtyo1oolcal development of the mou. 1s clOlure of the neural tube. Fallu ... 

of comple" neut'GI fold clOl," 'n ~ C4tphaltc ,.g'~ ,.- to the _dformat1on 

known CIl exenc:ephaly. It la character1zed by an extrudlng .,.. of hratolOcllca'Iy 

normal neural t'DUe .... tln; on top of a rud1mentary lleull. Thl. malfomatlon ,. 

prtMnt ln the human population CIl ~ncephaly. In thla hlghly prevalent and 

I.thol blrth .fect of the central MIVOUI ayatem th. expaMKJ braln underào
extensIve dtgeneratlon 1 due to the length of the glltattonol pertod; hence ctt 

bfrth the (etUi 1. bom wlthout a braln. An InoteOled alpha-fetoprotetn lwel ln 

the amnlattc f1utd .l'WI CIl the method of detectlng affected fetUIIII. Recently, 

tht. acnna tn01"Mlld lever hca bien fwIcI ln rata and m'ce, a..-Ing the ~ of 

a _II mammal QI an anImai model for human exencepholy (anenoephaly ). 

Èxpertmen .... atudl. an the morphologt .. eventa leodl", to the 

AlYiIMt'on of .... .,...Iy hM .. ulted 'n" oonfllctlnt c:onaepta to .xpl~tn tb 

OClCUl'Nft.. "'oany adYoottfn,elther the fa". of the ",ural tube to cl_ or 
, ,1 

the ,",*,'n, 01. 010lI4l Muee, ..... , the ~h •• 1 t~ot ... neural ewe",owth, 

aplnal Nt""'", ....... oftftt ... .,.. of neurat tt .. , .. tncn.ed IntNlUII'nef 

,....... 1he.\\paiItU ..... \Mrtyl", me._ that ...... auch 0 ltVeN 

......... otl .. 1 ..... hM IOM"" ..... ha" te ultMtNGtUN' olle"'_ and 

...... In "'",0 .U. of the ........ tl .. . 

. \ 

• 1 
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~ !xMCllphaly ln the mcue fi fn'*'fted 'n certain mutant stralns of 

m~ tt " III~ J,nductd by Il vorIety of lubttanctl, known CIl .. ra~1 for 1 / 

thelr ùlttty to dtsrupt normol ..... lopmenrrAt-wo. "'t that the admrntlt~jqn--6' 

a *«at.n known to 1nduee .. ncephaly to CI Itraln of m'ce that devtloped th, 

.... spcntaMO\.Ily could~ .... ult ln 0 'gene-teratogtn Interaction'. Thtl Inter

actlan would tnvolve not anly ah' Ine ..... tn the ' ... quency of .~ncephonc 

,......., but the aotton of ",,. and teratogln woufd be to offtct th. ICIIM 

d.Yelopmentat proce. 'n such CI way 01 to change the quoltty CIl weil QI the 

quantlty of the ,..,.,... The te"" In .. ractlon Impn .. the formatIon of 0 unlqUl 

,.'atlonthlp between gent cpd teratogen, octlng on tome ..,."t ln Il unrned and 

.. olno IftCIIMf. In the I*t the .. tabl1thment ~f QQ In,.ract'cn hoa ...... d on the 

.Uneatlan 01 th'l ",rque ~rly'ng rnechon'~, olthough It hot not olWGYI _n 

,.tWe ta 'lOlote and characterfn It. Recent work on genotype-tel"Qtogen 

J In ...... t_ haI odvaoated the - of'''''''t analya" te stotl1Ucàlly denne on 

ln ..... tI ... 

." th .. atud)t two outoIorIMII claMI,.,. gIMt, CrooIcecI-tall ( Cd ) 
-" ., .... w.. ( Rf) ... WICI. n.. ..... yleld IpCIfttaMcM UW1cephaly ln 

thet, ~ fonft, but the .... ..".... .... In Ul't4ltr.ctId. Un .. laMef 
1 

ftCIMNII ,,, .... -.. ...... "Id ta hetel'Ol'flOUl _1_ and trIotecI wlth I .. Jln, 

tcnOWft ha , .......... phaly. the ... • ... ,... CMYtI fat the tnductton of 

, -

'l' 
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",..,Mly witt. '"",'In '" tt... ""~Ce were -taWlthecI. '"'- we .. tften anotyaecf 

fOr the PfMIMoe of CI OInt ........ 'nteractlon. TMted and cClfttroi tMbryce 

we .. oompared for th. MOrpholOltcal ~ .. thot Meur du"n, normal and 

eMlftoephàUc In'n formation 'n otdIr to And criterIa for df.cr'mfnôt'ng betwMn 

the two j' Llght .. I--'I~ _InatlOll of INa .... and ",-....c enobr)IOICItIlcal 

neurol t vo 0110 ~rtabn te furthw .lucldate the urw»rfy1nt mtchonlun(1) 

"'-'ctlOl\f"g ln the productIon ~ .... phaly. p .. n",tn~ M 'lM done to ..,..... 
, . ~ 

tht ...... n'o .fIe. of ''''ulln'~'n'''~lon and ma .. mal hypoelyctmla, the 

ph~'oI01'OQI .... CCMecI by the t~t. GluCGII waa ,.fn .... reà to counteraot 

Ille _ drop 1ft Ille 1tI_ ....... I~~d 'II _liant effect an Ille I~.II ... of 

.-noephaty WQI noNd. '~ 
t' , 

<'-, 

-. 
o ' • 

'\ " 
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A. U"",ture Revlew 

1. Early embryolÔgloa' dlvelopment 'n the mOUle 

The dlvefopment of the meue embryo ta _n .tvdled .x .... lvely 

(Aclelmann, 1925, Theiler, 1972) and the followl"a ,. a brie' dl,cUIIlon of the 

.wntt prier to n.urol tube cIOlU.... ~ day 5 of gettot'an the embryo h. hnplantecl 

ln the IIn'na of the utertne woU. The uterine mucGla reac:tl w,th lM growth of a 

dlo'duout ~l. IepClrattn; the embryo hm the ut.tfne cavhy and ~rc'na ft to' 

.cantfnue .rlvln; nutrlenh 'rom the york IGC. The yolk IGC t • ."laCld by ca true, 
/ 

v'talral placenta on clay 10. At that t'me the mucOICII IIn'no of the meaometrfcal 

uterfne ",,'on, the dlaldua _n., fUMt wlth the chorfon and the a Il an toll , 

f'"lclna the embryo to the mc:atemal Wood aupply. The Inner cell mali or •• 

Cyl'-"', of the etnbryo haI, by day 6, ""'ated tnto an outer layer of extraembryonfc 

ectodl"", an uncMrly'n,layer of etnbryon'o e~"", and CI central core of 

en""", The latter ,av. ..... ta RIf.,.'. IMm"', whloh .ffeotlvely Jo'na 

wlt~ the yolk IGO 'n met"'to'ntn, the .mlwyo. an cautonomcM un't un." the tNe 

plClOlftto tl foImed. TM _faMbryonla ectocletm ;Ivee ..... to "r mem'" 
\ 

( .... ., .ad .Ilantol, ) t the Inner ectoderm to ~, atruotUNI, ft the 

.... "" to fIIItrol ...... 'no' atruatvNl. The "'mltlve 1tNaIc, whtoh lftGIb the 
1 

prfNIY .11 of the ~, bet'''' et the ..... ". MIton of the .. ev'''' 
•• thl ..... 'n, of ... ItWIf .a_"", Af_ ot th .. t'_ the mlMftClh,.- f, 

, . , 
..... , .... tn. ' ... rally bttwMn the """"ttve ..... cM the ..... "" • 

su 

"l' 

1 
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Ât day 7 of geetatlan the .ctoderm ln the yentral l'IICII'fin of the 

.. cyltnder be,'nt ta "'Iclcen, formtn, Q prolecttan known .. the Mad prooIII. 

ÀIMMt tt-f • ..-e'on the endoderm, 'n forrn'"; the foregut, blatlna to lftCHe the 

anterlor end of the ernbryo abcMt the rudlmentary heart, unt" the head pl'OClJll 

beCQIMI a Mad 'old. lM notochord Il formed From endoderm lyln; un~r th. 
\ 

head prOOIII, and wtth cont'nued prollferatfcn of mes_ml the 'h,t atruet",.. 

of the tt-... 8'rm faye,. contInue to d'fftrenttate. 8y latt clay 7, m'grat'n; 

mModinn .. 'na te aggre .... 'nto palrtd som , ... adJacent to tht notochard, tM 

actuol nUfftblr ln_In, wtth c~ttnued development. SomIte number Il thUi 

. COM'deMd to be 0 ,.Hab" Inde. of embtyon,c age. 

The development of the Mural tube Il ft",. not'~ on day 7, 

wt. the ectode"" abové the prfm'ttw ,treaIc be,'M to th'_en and fotm the 

neural pl.. Iy eClrI)' day 8 on. \ __ ... ct I_t fout pa'" 01 som'''' and C 
// 

..,.nln'.,.....ton ln the Murol plate, the Murat grooye, aCOOMpanl. the 

fonftatfon of Mural fol.. WhIn the n"",., of .. Ite paf" "- Inc .... d to 

'. ( clay 8/12 Mun ) .... fol. f. at the '.wl of the "fth 1Om'''. 
Up te tht, poInt the e~ hat malntalned an S-ahoped Iaod)t 

oonftent'., w,th CI conGaW mtd-reelon. How:._, cl .. te tht ""Id .. th 

" ........ ItIUt, "" _1Iryo "'_ ,., _ .. hm "' .. lofdotfc cUMlture tG 0 

tcy,hotl0 toll fof. "'n CI ol~ """'on, w,~ the 
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Itrunk _ !nltr~lfy .,n,,,, atatlonary due to , .. """ attacIuMnt to th~yollc 
1 

/taC. 8efote ~et'~ Of·..o~tlon, the mfdgut "oton dcet tum, and rft do'ng 

r'" oa~ the .. laUve polItIen of the pJaoento, pNYtOUlly vtntral, to become 
1 

1 clonai. The tum'ng procedure t. ~leted Dy _rly clay 9, at whlch t'me the 

embtyo ~ a cOl'Ntltdonai fle)ttan, 'Nlth the htnclbocly ly1no to th. r1ght 
J '~ ~ 

Iifle. ,of th. ..... 
", 

Alter the Inlt'al fulton of the neural fol. ciCIUM prog ...... 
; . 

""Idly ln both céphalad and caudad d,,.ct'. (Geelen and Langman, 1977) • 
• 'j' 
- 1 -, ~I 

~ Mad fohl ~~ prlm'tlv. arow of dlfftrentfatton 'nto a-faN ( ~~Ion ), 
\--- .' 

tu. ha. ........ d to the CllUdai end fi the rnetenOiphalon, 0110 Icnown CIl the 

.......... ..".,.... ay 0 '/12 ( 22·. tom'''' ) cl ... ,. l, tft*!'Pl ... onl)' owr 

the .., of the ~ton ~ fit the ,...or rteurOftOI". ,",-",.. Inotplent 

.... ~ty .y .. , .... ,fttcllty ... y 0,', If the an"". "'~ hat l''llftCllned 

.... l'hi pelttn_ ..... p .. cio. li, wly D 10 ( ~ """,), complet'nt ............... 

, , 

\ , 

'. ' 

1 
" 

-, 
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lM ...,..,ce of.venta 'n neurol tut. cloeure ha. alto _n 

e)CQln'ned at a cellular I.'lel 'n chfdc. ( Longman et al, 1966) and harnate ... - -
( Marln-Padnla, 1910). Th. neurat fol. are a"comptex "'au. èompoMd of 

an outer ectodenn and an lnner l!euroectodenn, IUpported by an wtdtrly'ng 

layer of rMIOCIenn, Pteaumptfve neural-oNlt ce'" 0"""" between the 
1 

aurfoce ectodemf and ne\l'OeCltodenn. At the t'me of fUa'on ft t. thete cent 
• 1 

that rnaIce,the '':llttal contaot~ The .ctodennal cella Ma Mxt, ond .tabltth 

a cont'n~.lVrface layer. The neuraf-creat cell., proI,r.ratfng raPfd1y. fomI 

,a wedoe of ce Il.,; thot pfev.ta ""'on of the neul'04tctodermol l~t<F It J. only 
"l' ;' 

when the MUftlI-c,..t cell. migra .. Inratly that the neuroectodenn cens Mak. 

lnftlal contact 1 fulfng along the'r Intel'nOl (ependymal ) .urface. ÂJ the 

neuroectodtrm compf ... fullon, fonntng a clOled neural tube 1 the IMIOdermal 

cen. theft oc~ the tpOce that ... wlaped t.itwMn th" foyer ond the 

lM final ..... of braln "'Iapment fnvolv. ...... In ... and 
1 . 

It. clue to'" prod.IctlOft of .rebralplno' fluld ( Couloml:n and Coulomln, 1958 ). 
l 

Upon 01.,.. 01 the ne,"1 tube neurot,IthlHaf cell •• crète ceretneptnal fluld 

lm. a _11d ciompaf'hnlftt. OYerproductfon tA aerebrClplnai flufd haa .... 

l'''aNd • a __ fil hyc:hae .... ,ua ln ... ( J .... et af, 19") end 'ta *"CMlI, --
.-<" ~ ~ 

." I __ ~, ".. cIIve'."'_ chIale • ...awvo lnl ... t'tIUfNd 'n .... ,y ....., 

" 



..- ccwlty vOlumea ( Detmcncl and Jacobeon, 1977). Th .... fore ce...a:.ro.plnal 

nutcl p ..... \ft may be CCII'\I, • ...d a mechantcal fara. acttng an the neural ... 

alter th clCiure, wlth any malfunctfon p.ntlattng the accummce of CI neural 

tu'" ctefect. 

> ~. 

o 

2. Abnomiol n.ural tuIM development 

> Exenctlphaly TI charactertzed by th. pranc:e of the neural t'aue 

of the bratn on the tlCter'or of the crantai cavlty. It can be deflned 01 a 'smalt 

crantai aperture wlth Intact overlyfng truues' (l.ml~!! C!!, 1918). 8y clay 

nln. of gestatIon ln th. mOUlt 1 faUure of clCiure of th. anterror neuropona 

reglon ln the braln II Incl catlve of tmpendtno ~x.ncephaty. Although th.. 

mInI"",,,, requf ... ment for cloatflcatton as IUdoI l, a fallu ... of fulton ln the 

mesenc:ephallc reo'an, ;eneratly the fH'OM"cephaton ( campoMd of dt.nc.phalon 
, 

and telencephalon ) remal,. open al weil. The ... rore only th. rhombencephallc 

0'" wtl1 lw.Ma fwed campl.te'y. examfnotfon of exencephaly ln the rat ( GIraud 

\ and Mart'''', 1957) hall shown thot "Olonal lttltolagtcal dlfferentlatton cont'n .. 
,; 

to pt'OC4MM'!, • .deIp'te the expotUre of the neural .S.,. to th. amnfotlc fluld. 

Thtclc.1\"" of the 'enral wall. of the te'encephalan glvet ri. to he ... '.,.,. ..... 
, 

1ht aptte -' otle ~tcl., oIfactory , .. , ... ~Y111 0110 ...... tG 

... ,.,.. 'ft. dlenClflhelon _lates out alone 'h donar.urfoc., oncllta __ .1, 

1 
,\)J 1 

" 
./ 

/ 
/ 

, . 

.. 
" , 
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ewrtecl palltton GOUlt. the cerebral hem'Ipht,.. to ~Iop ~r thl, ur. 
, . 

The chorold pl .. t'aUt, CIl the roof of the dfencephalcn, f. now contlguOUI 

wtth the t.m, ...... CIl the braln contln-. to grow 'n an everr.d, .. .,.,. 

anaftgtment. The corpora .. rtote, n_Uyone of the lnnermalt tl...,.. of the 

.In, fUIII w,th the th'n CIOY'fIrlnl of surface .ctOdenn. 8y day 13 the braln 

fi now G'I CMarvrwn ~ of neural tfa"''P''''n8 out OYer Q rud'mentary crantai 
" 

baie. The -,,'..,.ltum Il thlnly .. retchtd over the CI,..~cular ttaue, and 

the crantai .. " poorly formtcI. The pretenCl of pyknotlc nuete' and 

h.morrhattc patchtt Ind'cottt the cammencement of cell dtath 1 whlch ultlmately 

woulel lead to compl ... c:Jecrtntrat'on of th. upoMd tl.,., Q condltron known as 

anenctphaly. H~, the llltatlonai perfccl of the rat, l'k. the mOUlt, r. 

aufftc'ently Ihort .... rm 10. to yleld .,....rved aptch.na of uenClphaly prlor 

to a .tage of exttnalvt ntcrol1 •• 

l 

The ~I. of tMftcephaly he. ..." cloetly t)CQI'ft'ntd tn on 

atttmpt to .,Iofn ... molfùnctlon (.) ...... rw. for ft. Fomtat'on. The moN 

popular :cancapt ( Marfn-Padllla, 1966) 1. that the neural tube foll. to cl .. , but 

..... Il an altemate ",tu" __ an the pit"'. of CI NOptI'MId neural tube. 

1he 1.,.., Il ...... by GordnIr ( 1961, 19"), who ~ an In __ ln 

1ntftII"", ... , ,..,.. • the ... _, ....... that ,... a of_ neural tube 

.... ft tpIft. Th .. ,.._ " ... by the ...... ,. of ... .".,fftal Autel ~ 

) 

. 
l' 

.'~ , 

... 
.. 
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o the ne~tthlat cell., and lta ... tn~ muet aonhow be due to abnonnal 

a..,tÎon of the flufd. Mwalcanlet al ( 1912), tend thf. hypothesl. 'n rats -- . 
{-J, t/ 

by r.ilectfnV vIne .. ',. lntraperltaneall~ ahr the perfod of neural tube cIOl,". 
\ .. 

Thl, COUIIId dr.ttNlan and ewntually th. formatIon Qf .levaMd blet. on the 

ufaoa of the neural tube. Hlttologrcat examtnatlon revealed that the neural , 

Wcf tl.,. thowrIcf .r .. of "",y neCl'Ol1s, .Imflar to thet found ln .... c:ephaltc 

_In t .... IkMtt et al ( 1976 ) reportecl.'mtlar ffnèlll9 alter ln rectIon of a - -
~IUIIt eutphate solutIon. 

The ,..r-rred t.ypott.r., supported by a larve arnount of experlmental 

. w ...... , la that ~ a rartuN of the neurat tube to clOIe. S.wral tMorf .. , ba.d 

en _"Ical tntwre .. ce of the cl GlU ... prOCIIII, tMw. been advocated to explaln 

nonel ..... 

The fi. thIory ta eN Of neural ove,..awth, .... lAt'"' from a ltudy 

on caurW .,.,.Ioachlat. In younv h ...... ~ ( Patten, 1952). Areaa of tl .... 

.......... ......... to·~_ of .... 1ve MUl'Glpftheltal InfoldtnQl tnto 

the t~ fA the .... 1 .... noted. The Inpodcett",' of the nuoepl ... lt"" 

li ......... tt .... the·~ "' •• nchyme, ancf , ... ult ..... ly to neoraaf. of 1 

-..... n., ,.."."" ln ......... . .......... ( 1959) fncluold CMrgrowth ln the 

...... " .. ,_ ...... , .., .. , ... te Iow -VII" ..... on, tô un..., 'ta ,..rwe 
...... """. ......" •• to ............ 0."" t_ ,.,'ad te .... theory . , 

1 
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that the c:hordantllOdenn nut control' not, only ... I"'tlal InductIon of the 

neurol plate, but ~f. of the early neural tube QI weil. Further . 
hfatologrccalltudlee of ch'cIc ..,.Iopment (Burda. 1968 ) Indlcated thet It 

1. a l~cIc of contact between ,the ~derfylng notochord an,:J cell. of the neural 
" 

tube that tnduees CHe.VfOMh. Recent studt .. ( F .... rnan 1 1975) have ."rmf,*, 

thet the procetI of OYel'l"Wlth tnvolvet c st",tncant tncreaM 'n mttotlc acttv1ty 

of the neul'Olplthel1al cell. dunn; neUf'Q1 tube formatIon. 

Â second pc.fbl. mechantsm to acc:ount for the t'atfu ... of the -J 
neunrl tube to cl~ Il...,.,. splnon.xlan ( K""st, 1975). AdmInistratIon of 

vltamfh A te) developlng chlck .mbryos .... ulted ln .. vere retrofl.xJon, wlth 

-.ocloted IOIftl .. drtorganrzatlon. The lublequent abnOlTnGI twlatlng of th. 

embryo prevenh the neun:a' fofds from comrng Into contact and fusln;. Thl • 

• ltuotlon-'had bHn prevfoualy noNd wlth the 'nductfon of .xencephaly rn mlce 

t...t.d wlth trypan blùe an clay 8 glltat10n ( HomNgh, 19~). The dewroplng 

neunaI fol. beCCIIM WfINY, wlth 1"..,1. twl,ta and ~b forft'Iatlon. AI. the ... 

~ 'n .... c1 fll'CMth of the neural tftlue, forther bloclclni the 'wlon of the 

fol. a~, the mld'_. 

n. th1",' ........ put forth to .xplafn tt. fonnatfon of 
t' 

(1 

, 0 

" 
/ 

l'? 

-
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cantact. Thfl c;on be further .ubdtv!cIed tnto a laele of .umcr."t neuro-
r 

eplthel1um, a lade of sufflet..,t metodenn (the ~derlytng lupport've tlaue ), 

or bath. 

" decreaM ln mescdenn- he. '-n demonttrated 'n golden hOmlN'lI 

_'bltl", exenClpholy ofter treatment w'th 'vttam'n Â ( Mar'n-Podl~nd 

Fenn, 1965; Marln"PadtHo, 1966). In the OIphalic reglon of the neuœt folda, 

the 0111. of the mesodenn show seve ... shrlnlcage of thelr cytoplasm; follO'Mld by 

° slgnrnCCl'lt Nductran 'n the mltotrc rate of melOdermol cell •• The cha.,.. .. ult 

• 
ln the eventuol cIeath of the 0111, Indrcated by pylcnotlc nuelet. The fotluN of 

the neural foldl ta meet and n... Il thUi ~rQtecf wlth Q loele of .uffterent IMIO-

Otnn to puIh the folda together. Marrla and Steel. ( 1977) have dudr. vltam!n 

"..fnducÎld exencephGly ln the rat, and have _rved thot the ult_rueture of the 

m •• adermal c.11. demonIhotila .welllng of the IndoplOlmle ..... 'culum and GolOI 

apparat"'. Such chanps Cft QIIOe,ated wlth c.1' death, the CGUIII of deCNalld 

proltferatlvêciCtfv'ty. this flnd'no 0,,= •• ' the conchll'ons of 0 s'mUar E/M INdy 

by "... .. ( 1974 ), ln whtch oeil ÔIatf\ WGI .... trfcted to the .,.~'thenum. 

For ,chlck, Mt, and mue _tarya. ultraltl'UCtUnll olterat'ans ,..,Itlng 

fi .. fuit' tVOMetmUIa et el, 1972), ma""'" motnutrltlon ( Sh'" et 01, 1911), 
i'. ...- - " - - L 

~ ( s.lt., ft c:..n, 1971), IDTA ( o. .... cM MooN, 1912)" 
, 1 

, \ 

1 l, -

. 1 

, \ 

l , 

'1,_ • 

\, 
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, 
",rtotfa' GGttvlty 1" the QlII populatton foltCMrne the. treatmentl ri aaoctated 

o 

w,tt, a, .0!Mlld amount 0' neuroe,rthenum thot fa capabl. of maklné contGct, 

and th", the lIra'n "lopI Into an tx~c.phcdl~ forrn (Crowt.y !! C!!, 1918). 
, 

Thtrefore 'IOnIe oufhOf'l propoIt t"- pr' .... ry ."ot to bt rocanz.d 

ln the ....... ( Marin-Padma and ferm, 1965 ),; wh". othe"l ( clNd above ) 

paltuto'te a 1_ of n.uraeplfMl1um. Howewr, thl, ~n'ct may be penly 
" 

rtIOlved by not'ng that whtther *- là. of œil, tl 'n the Muroeplthel1um or ln 
, d 

the metOderm oquld ."'ncJ'cn the .peolftc tNatmente Orfre""'t teRltop"' could 
~ . 

"'te"" wlth the lurvtwl ~f cella"'n trther 0' th. t'No laye .... , 

3. SpontaneOUI exenctPhba'y ln the mOUM 

. The ~~ Q' fnherftttd congenfta' malfonMtfona of ~. ~tral .< 

( . "fJ l 

neMM,ayattrn 1.'a ~..u. OOCUI'I'Wl. ln ~rta'l\ ltf'Vln. of m'., but t~. un.,ly'no 

, oaw. of the der.Cf\ h.,. .Idom. bien canal.tv.ly .tab"ahed. St udf .. of the 
" ~ < " 

" 
émbtyO'oatoat .~~t ~urf"l the per'od of neurat tube claCu", have ohn . 

o a " '" 11 

-umM. .. raNcI .... c .. of the ~I IcWlelopment ( , ••• vmy neural .ube ) 
~ il' 11 D ~ % Il U tel_ the Inttl.' ..... of,the fMlt~,Oft. ln,.., .U\If .... geI accumftl 

tc.; • ",'t"'" the tl .... of tt. ~, fol. oeulcl .. the "'*rfy.1n, t.otor oc"""tlnt for, 

• 

, t\ 1,) Q (> 

. ...:~ Marpha ... t .. t .... lItt. Mft. n..,-, .1"" the ..... of 
& ~ t, ~IJ 

In." ..... --""" ~ ..... -Jt~;"'. th. pra; •• d 01.1 ... chan ..... 
(1 0 0 0, 0 tl 

....... ,...... ' ,0, 

.3 

1 ° 

o . 

• ° " 
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• 'n 19230Llttle and 80. trrodlated 0 .. traIn of m1c:e, and no .... .. 
-

.... appecIoCl6'- of e_nca~altc-If~~ mlce ln th4t f()~rth gen.roUon. Th. QIN, 
o _ 

rny (myeneephanc ", •• ") ~ l. rece .. 've and th,refore on~y homozysotet are 

bffected. Cyùtc fh"ld fUl.d ,veslel ••• Npt along the ne",ral 'old., preventlng 

" " the" compl.t. ctaiUN fn th. m.~ncephollc "'Olon. Thl. WQI d.monatrat.d alter 

an e)ld.n,Ive hl,tolOl'cal e)(amlnatlon of th. affected .mbryoa ( Carter 1 1959}, 

and 'NO' ln oppotltlon to an ea,lt.r.tudy by Bonn.v'. ( 1934 ) 1 who '.It th. bl.a. 
lJ 0 tJ U 

w.,. the .... ult 0' lnc~d c .... brotptnal fluld reoper'ltng a clot.d neural tu"', 

The la~r Itudy, howew" laclc.d the Itrang morpholoqlcol .vldenc. found ln 

Cart.r'i woric. Pseudenc:epholy ( Bonnevl., 1936) WGI alla Found 'n a stoclc that 
" 

carrled th. my gen., although It, geneUe dllClllocratton 'rom my WCII nev., ".mly 
" o __ U.hed. AIl expoeecf bra'n chcÏraetft'ltlc of .)(eneepholy WCII pment, and 

l ' 

mlcl'Olcoplc .)Carnlnatlon rweoled th. neural tl.ue ta DI hf.tologtcally weil 
~ 

d1fferentlated, ln .1 .. of the lpaclal ... orplzatlon.
o 

The fall", ... of th. neural 

tube cl.",.. waa __ Ioted wlth ext ..... "Mlulor1tt. and curvatu,.., 'n the 
Il .~ 

"rY'oqi .... Ion, ...ct the .. ~ttant te",1on procIUCIeCf by th" twfatlng WCII beneYefJ 
o 1 te'" the _chanl. GOUI'", ftCIftol ....... HoWever, ony',unftrlyln8 oeflul. 

u LI () 

<t 
1, ~ ~ b 
!." .9 
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occompan'ed by .)C.ne.pho'y. An all.,. 0' Xt, known QI brachyphalangy 

( Xtbph, JohN~, 1967 b) , 0110 produc .. dIgItal deNcts and .)(tncephary. 

,The .mbcyologlcal ehangtt ttadln; to th. n,ul'QI tube deNct ha..,. not be .. 

\ lnv •• tf;attd. Oth.r reports of Inh.rlNd fxenc.phal)' fnefude th. l'te_Ive 

gen .. open .y.nd (oel, Brown and Ham., 1973) and fxene.phaly (>m, 

Wallacf, 1976), th. tw8 a Il.1. of th. 8I'Qchyury gen. ( 8ruch, 1967), and 

th. domfnCll!t gen. 8tnt-taU ( an, Butl.r and Lyon, 1967). Ali the .. gen .. 

')Cp,.U f>etneephal)' l'egularl)' 'n CI proportlan bf th. homozygotes. 

b.ncephol)' hm allo bttn ... ported ln aaoclatfan w,th .plno 
11 

'blflda ( CI 1 .. lon of thf n.ural ~ubt ln th. lum~-IQc:roCQudal orta ) for other 

ven" ohht moUIII. Splotch ( Sp ), an autoeomal domInant, .hows open n.ural 

() , fol. of th. htad ",;'on ln addItIon to myeICichf.r, of the Mnd area ln ,am. . 

homozygotes (Auerbach, 1954). Exttn.rv. OYlrg~th t. cortlldeNd to 1. tM 

ClQUlGI" force that prlven" .. the 'olcla 'rom blng. Thl, th.ory t •• upporttd by 
"1 " ,.." 

ttudt"lMGIUrfng th. m'totte tncMx of offtcted neUfOI tuMa (WltlOl'\, 1974) 

whtoh thowed a I!an'''oant Ina .... 'n ClfI P"t"feratlan ln the revlOM o, 

~0"1.".. 0.11)' ( 1935) notttd'neUf'ClI tube abnorrnoUtl. 'n ~ dtvtlopment 
" 1 

of ........ t Short-taU ( Set ). In tt. homoayeoua """, thl, autoeomol 
Il, , 

$3IutclClohn-Sohett\he'mtr, 1945) ".,..'Id 1IYt,. ...., .... tton 0' th. ton dUl 

to ~ cltaoont'nulty,. Il •• obu"' •• otodt"" on .. rfor ta the IOcrai rttIM 
,,1 ' 

orthe",. .. , tube ,.."INd ln nanet.UN 1 producllne Wh ,,'na blfl. Clftd uenOlpholy. 

" , . 
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$titi anoth., "ml-domtnant ftM' produclng exencephaly ln .ame homOlYgo ... 1. 

Loop-tatl ( Lp t Strang and HoUander, 1949). Th. fanU,. of th. n."ral fol. to 

fuie 1 •• xhln.lw •• xtlnd'n; past th, etphaltc l'Igton down th. dOMI .urface of 

tht embryo. R.cent .f.ctren mIcroscopIe .xamlnatfon of th. ttuue dtttcted 
.or. 

.urfac •• fectl of th, Muroephh.1101 c.I,I., ultfmat.ly re.ultlng ln n.crotl. of 

th'. layer (WfI.on and MIchael 1 19" ) . 

./ Th. two mutant g,nt. UNd 'n th. p ..... nt .tudy al.o txhfblt 

apontontOUI .,..ncephaly. RIb fUiron. ( Rf) and Crooktd-tatl ( Cd ) are autOlomal 
, . 

atmldomlnant gin .. that couat I.tho' t,..nctpholy 'n tht homozygoUi 'ontt, The 

CrooIctd-tal' gen., l'lported by Morgan ( 19S4 ), produe .. a SIrI .. of axIal tIc.l.teI' 
~ , , 

dlftcta ln both heteto&ygott. and homozy;ot .. , wltn th. latt.r .xhfbrttng an 'ncrtalld 

hquincy ond ... rlt)' of the malformation •• "The charocter'.tlc croclctd taU arl .. 

hm ve ....... , Clf'omat~ ... The On. COftIt.~t crlttrlon to dtatlneu'. th, "" .... rlna 

mutants from the ",offeoted wtlcltVP' f. the p,.atnce 0' abnormal caudal "' .... Int. 

The Yeftetwa. ln tht ...... 1on moy bt smoll, m'lCIltgned flld/or fUled, wlth vorfotlon 
1 

'n the numM, oftected. h homoIyaotel can be .paNttd 'rom the htttr-~ 

~ p •••• lon of malfomttcf ",rte ... --Ifta up 'nte th. thoroclc ,.,Ion, cM 

",lit", VI .... .".. In th. I"",w aM thMcl ..... ,.... Of the .",tMyot lXam"*' an 

\ . Da 18 ..... tlan • of the ~ en ""'.'''''0, 0 _Ifannotfan not .. 

ta th. hett~ ooMttl ... 



"-

" 

i 
( 

• 

\' .~ 

The Rf gent aH.," th. fonnatfon of th. rfbt and .plnat col,,"," 

ln the .. lopin; .mbryo. Unlfk, the Crook,d .. ta1l mutant .tudlel, embryologloal 
• 

"rvatfona we ... made ( TheUer and Stevenl, 1960) to de"",,Ine th, rnocIt of 

actron lIf the Rib fusion Olne. Homozygote. can be fdenlfffed by 0 9 of gestatfon, 

when abnormaUtl •• 'n som'" and n.ural tube formatron ~re Ftrat dtttecttd. Th. 
, 

nturol folda are lrr.;vlar and wavy ln apptarance, an .,Fect that r. thou;ht to be 
" \ 

au~clattd wtth th. obaarvtd p ..... ne. ofdtaor;anlztd somlt... 8y 0 10, TS% of 

the homozygottl are txtncaphaltc 1 and by 0 12 addHfonal abnonnalltl .. of th, 

rit. appaar. Htterozygote. never dtvtlop t)tenc.phaly, and CI'" det.cttd only 

bot th. p ..... ne. of '",ed r'he by 0 12. 

The praIInct of .pontantoUi .x.ncephaly ln a proportIon 0' tht 

hOl'ftO&ygouI Cd GnCf Rf mutanij, and t~ a_ct 'n the htterozyeoua ltette, prompttcl 

the UM of th. Nlo",,* ln the preltnt .tudy. 

4. Induoed ..,.phaly ln tM moult 

Tenatoglnl offttctlng the aentNl MI'YOUI .. rnterfe ... wlth the 
t 

1 

normal pelilem of ",vraI IV. deYelopment'l hcrHwer thelr un.rly'''' mechan,. 

l "not alWCl)'lweU ~lfahH. s.. ,.....,. nt .. ' .ubt 01 ... and tndvce 

.-..... Iy. Ta'" effectIve the ....... Muit lM admfnl .... rtd durtng a .. o'ff, 
! 

._ ln ","'on. Thl.' .,,.,., ","oeI' , Mnl whl. the ......... f ...... 
'. 

" 

/ 
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of ",spond'"1 to the actton of the .. rot." 1 rs dependent on th •• mbryo'l 

a. of dwelopment, th. durat10n of th. '"Iult Il '"'itfven •• , and the 

mechanllm by wh'ch th. molfonnatfon l, produetd ( landauer 1 1954 ). 
\ 

" \ 

e.neephaly hCII been lnduc.d ln I.v.ral·\ Iptcl •• wtth a w'. 
ranQl of lubttances. lt has bten productd ln rabbi .. tre~ .. d wtth cOncQnavann A . " . 
( OttlUO 1 1976), ln cats wlth antlfungol drugs ( Soott .t al, 1975), ln fJ'08l 

. --
wlth trypan blue ( Gre.nhoua and Homburgh, 1968 ) 1 and ln chtcks wtth , . 
m.thylm.rcury ( GIIan', 197"), hrlton •• ( Hore's' .t al, 1973), hypc»cla --
( Jo"", 1974), 1nhlblton of ONA .ynthtsl. ( l ... t al, 1976) / ontlbfotfCl 

.. - 0, 

( Sl~gh and Sfngh, 1974) 1 ond vltamtn A ( Kv"t, 1975). Rat "h" ••• ~hlb't 
')clnotphalyalter trtatment wlth .odtum al"llftOte ( BeaudoIn 1 1974) 1 dlozo 

dyet ( teGudol", 1969) 1 procarbazln. ( Cha'" and Murphy, 1969), glue_ :fn eul turt 

(Coolcroft and Coppola, 1977), vItam'" Â (Koohhor. 1968), h~rthermta 
• 1 

( Edwardl, 1968), dl~lhydanto'n (Metcl.r-Parot and Tuchrnann-Dupl ... ,., 

19704), rnattmaillno ."q'.nCy (Warkany and p.ttrtnl, 1971 ), onet ICIlfoyfate 
\ 

po1Rlftlna (Warkany ancI T.aOl, 1959). Admlnt .... tlon 0' .adlvm àrtenatt . . 

( Ca"", .. , and '-"'" 1977 l, *",'um ( Pt"", 1971 ), t"'ffMl" blue ( Fe"", ,,,.), 

.... Ino'a "'d ( Shtnefe't, 1972), 6-am'nantaotrnarn'. (Turbow .t al, 1971 ) '. 
, --

.... hypertherm'a ( tC"~and ""'" 1976) ICICIh yl.'d'lCencephaly 'n the go'. 
hamster. 

,\ 

" 

, 1 
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Thouoh tome IUbttGnc:ea are Nrotogenlo ln MY.ral d""","t "",. 

ft cannot bt allumed that a IlnQI. mode of action t •• qua"y .fflcttYe ln at t 
• 

o 

organtÏft'lexpOMel ta th.m. The,.fOnt the,. are Ilm'totlonl ln applyfn; Ixpertmtntal 

anrmal data ta humant ~d anly Quardtd .xtrapolatfons ahould bt made. Though 

the morpholooJçal chan;ea a,.. w.1 t character'z.d 1 th. und.rlfln; m.chanlam. to 
, 

.,<platn ,ueh alteraHonl rematn ob$cu,... Exc.ptlon. ta thl. arel:!th •• tudt •• on the 

tHectt of trypan hl u. ( Denck.r 1 1971), txc ... vttamln A ( Marln"Podtl ,la, 1966), 
1 

, ' 

EDlA ( 001'11.1. and Moow; 1973 ) 1 and hydl'OMyu,..a ( Sadi., and Carde", 1977), 
\ 

ln whfch htltoflog1cal e)CQmlnotlon of th. affecttd n.ural thaui ha. t.alated cellular 

obnotmalltt •• reaponalhl. for the mctlfomattCll'\. 

Extncephal)f. ~~ bt '"ductd ln th. moUi' wlth many lubltanc .. , 

'"oluel'"; mycot~'na ( Haye. !! !! 1 1914), ~'dney ont_ra ( McCoHlon 1 1972) 1 

nflTaloouantdfn. ( Inouye, 1975). mtthamphetamlnet ( Kaahtky and Tanay, 1971 ), 
" , 

pol)'bramlnated b'~nyl. ( Corbltt .t al, 1975) 1 phenobarbItal (Grillon and Becle.t, 
1 • --

1969 ), cytochcdGlfn 0 ( SMpord and G,.lnaway 1 1917) 1 Inhtbltora of DNA 
~ 

ayntht.,. ( Slcalko, 1971 ), trypan blut (Hambureh, 1952), cadmIum ( P'.rro and 

HaIn., 19") 1 maternai '-t'ng ( Mut.r, 1962 ) 1 and st ... ( Hambcqh .t al, '97'-). 
, --

The admlnlttratlon 0' In.un" ha. at.o _n dttnOnltrated to tnduol 
1 

tMn.~ly (Smlth.,,!t!', 1956, Smlth~rv and Runner, 1M3). s..., 1ft"'" 
.tralns of pNgnant mlet WIN tnftoNd wlth .4.." \ltltt/tc,. of protamlnt l'na 'MUnn 

, , 

il 1 
r ' 

~, 

,~' 

'. 
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on 08 of gt.totlon, and thet, ofFsp,lng ahowed .Ian''''oO''t 'ne""l ln the 
l' 

. frtquency of txtncephaly. Vert.bral and rlb defeets Wlre alla not.d. V.rtebral 
, 

abnormamr.a hClve Cllao been found ln the r.tUltI of rata treated wtth Insu"n 

througbout pregnancy ( Llcht.nst.fn !t ~I, 1951 ). 'Many of the vertebral centra 
IJ 

laelctd compl.t. oalffcatfon 1 as ~'d th, corpalt and phalange. al th. Ifmbe. 

Pregrfant rats trtated wlth TnlulTn on 0 7 ... 9 of ;tstanon produc:ed ofFsprlng wlth 

fused or dupllcattd centra. Whe" the rats we ... lublected to CI 48 hoù, fOlt prlor 

ta the tl'tatment Clddltfonal OIImcotlon defecta of th!l (lx1al ,k.leton we,. 

Incounttred ( Hanna~ and Moore, 1971 ). This ,. In opposItion to CI .tmllar study 

by Rlam and hl, cowo~e" ( 1970 ) ln whlch admfnfltrotlon of maulve doses 0' 
Inlultn to pregnant rats on 0 7-9 gestatIon faUld to product de,letal d.flctl. 

Prev10ui work had tndtcated th. t.ratogenfctty of in.ulln ln chlck 

dtvelopmlnt. D~rollWam' ( 1950) obItrved a pool'Iy ~tned sk.leton and 

.horten.d ~k and 11mb. aIt,r Inlultn treatment 0' chfck .mbryot orll'D 0-60' . ' 

Inoubatlon. landauer ( 1946, 1962) Inl,Gttd Inlu"" 'nto the yolk laC: of 

I",--.. JewlopI", chtclc embryoe and Induced ,,"rai type. of malformatlonl. ~lMnpletltl .. , 

. a part'al or compl," laak of tollltNcturel, waalnduced afte, 1nl.ctlon of tnaulfn 

on the "nt day af tnculwd'on ( 24 hour ... ), white mfcrometla and malfonMcl 

1Mb wtI'I ptOdu_,.'''' h'latmtnt on day 4 (96 houn). bamfnat'on,of oelll 0' 
.... bNln and tMIc ",lona of chi. tmbryol afftcttcl by Inlultn tNCItmtnt hcMt 

\ -

..... ' 

" , , , .' 
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''::.,\ 1 _ 

'l..,' 1 

, , 

..... tId UltfaltNctural chan .. that 'nelude a 1IYt,. dtc ..... fn "

acoumufatfon of RNA and prote'n ( HtctclY and Kilt", 1971 ). 

" (, 
, ;' 

The IVlcMnCl for the actfon of 'nsuUn as CI teratogen of neuftll 
/ 

\ 

tube and _Ietal clMlopment ~id 'tt lM ln the ptetent atudy. 

5. ~IY " 

~ "-~ to.- -OI)IhaIy t.lmwn. 
1 

anen"'ly. In afftctlcl hUM't tet..- due to the long gIItat'onaf pertod, the 

lXf*Id m. of neural tf .. de..".,.. ... , leadlnl to t'he a_ce 0' not only the 

crantai vault, but alto the OYtrfyfnl tf.ue œ wei 1. The _verity of the deflct f. 
1 

cleplndeftt -.on the .Mnt of o,.,fOlahr.It. The .orttne~ 1 thlclc ntcle, protrudf", 

ton"" and "at~ned n_ characterlltlc otinGny onenetphaltca orestrltdnlly 

.Imlt. to Cl'\fmallXlftcephalfca. The Imblyotogfcal orIoln of anenc:ephaly Il 

glMl'Ony aooaptecl to III an 'n'tlal fomtatron of txena.phaly due to CI fallu,. of 

neural" ol.UN (Rt~n"gha.." 1116; Martn-POcit'Ia, 1970), rol1~ 
" , \ 

by ...... Ulftt ne .. ', of ~ NdI"""tGrf braln. SomI, h.",.,." allUi that the 

__ r. the .....,1"1 of a 01_ ne,,"' tut. ( Gardne" 1 911, Chautalta et al, 
" --

1 1916). In h"'*' "'.-t the anterl. portIon of the Mural tube al ... 
\ 

bat\!MIn cMyt )4-26, whlt. the potte"."""" cl ... bY:~ 35 (_'...-cl 

~~, 1961). 

. 
J 

.-~~ " 
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, 

CIl .Ina blAda. The .'m'lar et'ology of both malformatIon. hot led to the ;.ra,o.1 

that both en due to 'clent'cal forms of ."ct~." cio.," occurrfng ln 11OIoted 

""'ont of the neurol tube ( Led<, 1912). The 'requency of both defects occurrfng 

l'multaMOUIly ".1~:( ~rtcany, 1971). Neural tube defectt mcay accur alone 
, , 

_ CIIIOC.ated w.th other _iformatlon. ( DavId and NllCQn, 1976). 
, ,,- \ 

AnenoephOJy'tl a .... atlvely common malformation. l'be 'nc'.ne. 
p 

~ 1/1000, but many e-oeraphlcal a .... lhow a .Ionrncànt 'ncnaM ln thr. 

fi",... VarlatlCftl tn rat. ronge 'rem .5.9 ( pet' 1000 blrtht) 'n 1 .. land ( Coffe)', 

t951) and ... .5 ln South Wal. ( Carter et 01, 1967) to .7 ln AUitralta ( CoUrnon --
et al, 1968) and . a ln Japon ( N .. " 1958). In ~oda the overage ,nc'~nce 

~ ~6 ( Elwood, 197 .. ), w!th "'" ... ln "'" provin .. of Quobe~~g 1 . " • 
.. 

( HorowItz and MeDanald, 1969). 

" EptcMm'oIog'calltud~ .. or neur'Cll tu~ ."'cts haw unCOftred 

VQrfatlont ln patNm thot lUOIIIt a .,ultlfactorfal ancI com,I.)C caUlGtlon. The 

,"varence a' anencephaly"haa bMft· ... laNd to geaeraphle and ethn'e dlff'e ... n ... 

Varfatlon, wtth place con he lHft wfth'n Canada 1 wlth NQfonaJ dl "-en ces 

_t.nctfnl ftoom 2. 1 ln Prfnce Edward taland to .6 ln IrIttth Colvmbla ( Elwood, 

1974, Trfmble and .'rd, "78 ) f and a ~t ln prevalence .tendtng hm 

LoncIan ( 1.4) to .. ,,.. ( 4.2) whhln tNl'UntNd Klngc:lorn. ( liwood .. Nevln, 

1973 ). ethnIe dtfferM .. have lIHn ~tated ln a INdy whe .. _", • 

. , 
\" 

, , , 
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of French and EnOllth ortO'" flv'"O ln Quebec were Ihown to have a "mUar , . 

occumtnce of neural tube .fecta ( 3." and 3.2, ..... ctlwly ), wh". the 

J.wtth populatIon had a much 'Mr rat. of . 7 ( HorowItz and McDonold, 

1969 ). 
• I[ 

Varlattona \tA th .,,.. have alto bien obMrvtd ln many .. udt. 

of Mural tube defRh. The flrat tl a lonV .... rm trend thown by an extended 

INdy ( 1950 - 65 ) 'n England 'n whfch a graduai, 1'SP'fftc;ant, Increaee ln th. 
, 

, '. 

rate of neural tube defecta follawed by a .. tum to, ~ original level WeIl notee! 
\~ ~ ~ / 1 

y ! v! \ " l'/l-..' '1 

( LecIc, 1966). SIaIonaI fluctuatIons we","o1to,"rved, wUh the rote of 

'n the sprint veJ'IUI the fall, durfng the 19~'. and SO'. ( Elwood and Nev'n, 1913). 

$pIno bl"da ha. also been lHft to fqllow th" pattem, .ven rn t .... abeence of 
/\ " 

fluctuatlng lHIanal ratel for anencephaly ( Carter and !vans, 1913). 

Aaoctatlons of matemal age and parlty wtth the pravalence of 

neural tube deite .. have alao _n unCCMtred. The pneral trend ra an lnClHlAt 

" 'n 'nctdence Mar the end of reproductIon ( L.ck, 197-' ), and ln nnt blrtht 

( Carter and Evant, 1913). The rate declf.,.. 'n .cond blrtt., then ln ..... 
,1 

.fn w'th IUC_'V. blrthe (Naeaan, 1911). The Mfect of soctoeconomtc 

.. """ founcI to·1Ie • MUCh • ,...,_ ... ter 'n the 1.., ct .... , althouth 

,., 

" , 

, ' , 

1 
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• 

thl, trend ha. been absent ln mGny other .tudles, Incluel'n; one of th. Jewrsh 

populatton Tn loston ( Naggan and Mac:Mahon, 1967). 
1 

To avotd amb1guttt .. ln •• )( IClenttflcatJon of earry fetUMI, 

c:hrom~rnal Itudte. of phenotyplc:ally '-mal. anencephalla have be., performed 

( Nalcano, 1973). The varIatIon of the sex ratto t. wtde, but <MItaH 'Indlcotes 

o preponderance of F,malts. p.dlgr •• studtes to determ'ne lamllia. occurrence 

hove demonstrated IncNa*, rlsks for .lb. of alfected chtldren ( Carter and Eva"" 
J-

1973). However, concordance rates for twln., wMther monozygottc or dlzygotfc. 

are lowar than th. fNquency of recurrence ln stbahtpl (Ven and MacMahon, 1968). 
l' 

S'nee tht. tnd'cat .. on Invlronmental effect, KnQ)( ( 1970) hœ Ixplalned dtscordance 

ln twln. by postulat'n; the eUm'natton 01 one rwtn 1 ln cases of both affected, ~ 

same mechan t lIT! of • fetus-fetUi r nterGet f on 1 • 

Envlronmentol factors affectln; the Incidence of anenc:ephaly and 

'other Murol tube defects hcave _n InferNd frèm pedl;ree .Ndl... Attempta to 

t.ntrty t_ tn"uan .. have c".,..lated th. preval en ce 0' anencepholy ta Intalc. 

of tao ( Fedrfc:lc, 1974) 1 camtd ~ ( KnC»(, 1974), and .oft wa"r ( Elwood 1 

1911). bpoeure to he".. vtrua has al. been 'mpnca~ ln the InCNQ18 01 neural 

...... ,.. ( MoDonald et 01, 1914). One of the mON popular hypothelel to . - -
"arn the ... 01 neural tube .fectt 'n GNOt Brttaln WQI the lngeatfcn 01 wtahted 

/ , 

poNt .. ( Renwl., 1973). Spt.,. ( 1974) conducted an Amer'can study and could 

-

, , 
~': ,1 
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not nnd IUch 'a co"..latton. Th. admlnl.tratlon of the glycoalkalold .cOlftpou1ds . 

found ln bnght to rats (Swlnyard and Chaube, 1973; ,Ruddlck, 1974), mlce 

. ( Pt.rro, 1917) and rh.sus monk.ys ( AI'.n e! al, 1917) yltl4,ed ntQCIttv ..... ulta, 

;/ ~'~''- although th .... la sorne indlcatton of teratogenlclty ln ~h!dt embryos ( J.Unek 
" -

et al t 1976 ). .... -
A .tudy ln whtch 13/14 dfaat1c women had chtldren wfth neural 

tube deformlt1 •• Indlcated an tncreased antagonlsm of the fatal' plasma albumtn to 
'" 

tnsult" ( Wflson and Vallonce-Ow.n, 1966). How.v.r, olthough cases of Inlulln 

admr",.traUcn dur'"Q pregnancy have been reported to be assocTated wtth awophanc 

btrth. (White, 1949), neural tube defects are not consrderad a Frequent congenItal 

malfonnatron ln the Infonts of dlobetlc wamen ( Pedel'lon !! ~ ,.1964 ). 
\ 

At ~"t the only lucctaful pteventf'on of neural tube defectl 1 • 

.. ty lntro-utatl ..... ctlon Onet abortton of affected leh"... Betwe." 13",16 weekt 

of llltatlQr\ t the olpha-htopr'ONtn tewl. In the amntotlc flutd rt •• harply 1 lnd1catlng , . , 

an ..... I .. 'on ( 8rodc dnd '$utcllfft, 1972). Recently, th. amnlot,tc afpha--r.~tn 
~I Il 

1.,. .. have I:tetn NItM "'n rats ( Sm,th and K.n." 1977) 1 and m'ce (Adtnolft et al, Il 'J .. _ 

1976) aM. t.-..d ., ... fla, ~ the .tt\iat1on '" human (et ..... haI bien 'N'ad. n. .. ,.., 
~ 

" ln vtew 01 the ..,.,tty and pNpan.,.,. of onenatpholy ca a conglln'tal malfo ... ""on, 

'. _0lIl'''' 01 \lITWt11f", .... W. c:cMII ..... "" .-nt'.', "'te ~ CCMIpI_'ty 
1 \' 

v 

/ 

"" 

, , , 
~ 
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" 
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of th. 1_. '!he eloInaphollc condItIon ln laboratory~l. may cI ... 1y 

.........w. the embryopcathyand morpholo;y of the "rly staues ln human 

anencephaly. If s'mllar pclttems ln tesh of deteÇtlon May be consrdtred ~o 

be a mutuol expreaton of th, d.fect, then the mouse May yet IIl'Ye as a vaUd . , 
model for studt .. of th. ettolo;y of onencephaly. 

6. Gene-teràtogen tnteroctlon f 
1 

Goldtchmrdt ( 1935 ) fll1t used th, tenn phenocopy to d .. crlbe 

non-hered'tary rnodfffcatfons ln phenotype due to treatment wlth sorne envh:onmental 

agent. In hl~ experlments (1917, 1935), RrotophTl, nt. exposed ln th, prepupal 

ltcIgea to tncreaMd t.mperatu .... dtvlated From normal morphologlc:al developmtnt. 

The malformatIons 'ncluc:htd tye, wtng, brlstl., body shape, and colour: variatIons 1 

and resembled the phenotypes of weil kncwm mutant gen •• Thua, of ter on 1ncreme 

ln temperatuN From 25° C tg 31· C 'durfng the larval perlod, stubltt-, forked 1 extra 

and mfafng Misti .. , vWIgtal and apreod wIn"" rough ~, and darlc COIOUM 

bocIt .. were fcutd Intteod of the wtld-type characten; Other'.tUdr .. ( Plough, 

, 1933, Plough and Ms, Ut35, GtOIIIftCIt and SmIth, 1933) rnVotYrnth~d"" 01 
f -, 

...... cl ",~,,,,, amploy'no Met thoèIc CIl thé'envlron,....,,,,, 'ntult alao "N'dId 
- , 

a ""fI ... 1ft ... 'n the frequlncy of aomatlc variatIons. Ali fllta .".rem. the 
o " 

'Florf.,wnchtodc, ~ exh'~ftecl JUCh pt.oty,.. atl'OllWtnl., ..,ra, 1OOty, and 

o / 
" 

lib 
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, 
trunoatt w'na, no.:ma")t ,..tf'ctt~ to mu~t .."otypII. Other Itudf .. ",'na d''''"nt , 

tnv'ronmentaf .tlmull, luah 'as n.utron bombardmtnt ( Enzmann and Haie'n., 1939) 

and x-""YI ( "orto 'cand ~"'" 1942), pr;oductd InclMdual. ,. .. mbltng uenotypll 
fi 0 

oth., than the aM. _d. Icddttfonally, Gol.chm'dt found th. tlme at whtch certaIn 

phtnoooP' •• ' lie 'ndu" ,.'hlghly .peelne. H' Kad .hown'( 1935) ')iIIlhape to 
~ 

, , 

bt thtnMrly lIftI'tfvt du"'n, mcet 0' the thfrd larval 'nstar ptrlod, whfl, wIn; .ffecta 

.uah • tMcate ( ~'anc'and Chlld, 1940)' and Ylltl.lal ( H,,.h and V:lard, 1932) . 
could • Indu.d only at pupatlon. 

"' 
8cned on the •• tudl .. Go'.chmldt ( 194! ) pro,oMq a hypotbtal. of 

« fi 

- • b (1 /) 

Nlatlve reactton vtloortf .. to account for the t'",.-Ip'ctnc Inductfon 0' 'pMnocopl ... ! , 

He conaideM th, roi, of a gtnt al control'.r of th, cellular a~tlytt'" 'n'tratld 
, ~ 

". _'nt the p"*" of chwtlopment and .u.qUlnt dffftrtnttatton. The normal actIon 
ï 

of ~ "ne would be to trI .. , the prd:fuctfon of th. clttlrml"f"glubttan_ 
! 

( hoemonee, CIG~'r'"' ,nourtOri ) ,..d ,. the malnttnanOi and .. e'a"l~ 
l , 

"",,ot'_ of a matu", .'1. Mutant,., .. tri .. ,.,.,. wfth thtee pl'Oe .... , ~'bly by 
~ 

cf1~tl'" ... ne_ry ohem'ool ,"otton., '.dln, to a "M\'f1oant chan" ln thet, 
e 

o 
.... ott'" vel .. ltt.. Irwlronmental Clglfttl ( , •• , htat ahook ) olto ln .. ". ... wtth thl 

. 
• ..". 11'111111' 'of the .11. 'ShOuid tt.. "' •• 1' l:It tf,t ICI"" • th. ontI aattd 
.. , ' 6 a \ t 

on ta, ........... , 'hen • ""'OOflY will occur. The ."naf onM,pholOilaollntlty 1. , ' . ~ 

, 1 

" 

. ' 
, " , . 

.' , ' 
I,l~ , 1 ! 

" J 
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o , 

" ",,,tont "ne or IXtemal ,"'ot, tha. can Iuc ... rutly ln .. ". ... wlth thele funct'," 

will yl.ld lomt,vartatlonl of th. nonnal ~."otypt. 

Â con .. qutnct of Goldlchm'dt' 1 theory WGI the prldh::tlon that 

organbml pout .. 'ng a mutant ;en' knQwn to ,'f.ct lame d.v,'opmtntal ,y.nt would 
, 1 

,..pond mON readlly and mort 'requently upon l)CpoIur. to an Invlronmtntal agent 

" auoclot,d wlth thl produotlon oF CI phlnocopy of that mutont. ThIs WCII d.momtrat.d 

for brlst!. dt~,lopm,nt ln ~rJloshl1a b)' both Plunk,tt ( 1926 ) and Iv .. ( 1939 ). 
" 

Th. 'onn,r ulld h'.lroIY;ott. for th. rtctuly, ,JIn .. dtcha,t, and ha'rl., th. 

latter UIICI h.tt/'Olygot .. for th, rtceufvI gent leu... In bath Itudl •• th. IXpàlurt 

0' th, hl.,rozY80t'. durlng th. lorval ptrlod t~ Inc ... _d ttmptratuN' yf.ldtd CI 

";nltlcantl" Muher frequeney of ph,nocopl .. thon amon; th, treat.d wltd-typt •• 

The lame t ... nd wa ... tabU,htd for Mutant gin. vtltlg'al wIn; h,.,~ygot .. 

(M.nh and Ward, 1932} Stan',y, 19~). Thl •• xpre .. fvhy of Q r.ceu'v.'81n, ln 

a ""gl, d. alter 'XpoIUN to a ttft:itogln WOI dllt"attd 01 '''''''1'101 of dom'"à!,CI' 

( ChUd et 01, 19~). In aH of the oboYt .tucll .. th, authOl'lottrlbuttd the lne,"," -- ' , , 

..... ooopy frequenoy founcI omong the tJ'lClttd htt'/UYIO~1 ~o ~ dual prtMnCl of 

mutant fIM CIftCIenvtron""",tal tnault-l, Wh actIng on the .ame meta.ne '1'00 .... 
fi ~ 

Henh and Wafd fNtd that th, affected ~Iopminto' ''IIn. aould bt .x".... 01 
'CI ~ , , 

" 

.. upcntntl.a Mat'., of ttmpeJ:atUN. Iy "ott'"' the phtn~tftY hctuenay , 

(\te,...t vo,t,ttl.) oealnat th. 'ogar1thm of the """"ta.ure (Indt""'_t'",rr''''') . " 

/ 

1 1 " , 
, 

, , 0 

l, 

1 
1 " , 

1 
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the slope 0' the Il.,. 'nd'catH th. change ln the ,"otlon rat.. Th. magnItude 

of thr. change ln reaot'on veloc'ty for the c:levelopmentaf, pro ... 0' wfna 
~ 

formatfon was not th. same for th. treat.d h.t.!aVgot •• and w.nd .. type. Th. 

InteractIon of tM pn. wlth th. t.ratogen had .... ult.d ln 0 n.w recctlon v.loolty 

(.Iope of th. Un. ) that rtp,...nt.d a ""qu. und.rly'n; mode of actIon. 

Th. worlc on ph.nocopr •• wa. 'u'rth .... Iucfëlated by Landauer Ulfna 

chlck .inbryoe. The adm'"fstrat'on 0' "fcoHn. to ch'ck embryoe ct 72 to 96 hours ~ 

of Jncubatlon .... ult.d fn a thort.n rn; and twlst'n;lot the n.ck du. to malformatIons 

of the cerv'c.r vertebrca ( Landauer, 1960). t:ifgh.r dOMI produced dworftna, 

.hort.n.d b.ok 1 ond hypopla.ra of th. mu.cl... Th ... 'utu .... parall.led thoae 

abaerv.d ln th. NCe.rV' 'croolced-n.ck dwarf' mutatfon. TNatment of phenatypJcally 

nonnal h.t.rozygote. wlth nlcotln. ;av. a hlgh.r f ... quency 0' .... pon •• to the teratogtnlc 

.ffècta of "'cotl"e than the 'II Il d-t~s. Anothe': t.ratooen, Inlul ln 1 wh .. phenotyplc 

.'leeta dl'fe," 'rom thCIM of the ree ... lve mutant, faUecf;ta Indue. a ~'gh.r "-quen'ey 

0' mponae ln th. het.rozyaotet. ThrslU ... t.d thet n'coti"" but not rnlUn" , 

Int.raat.d w'th th, ..... Jve fIlM by aat'n, on .". ..,. m.tabo' le pathwoy (.). 

T,..."aent o, chlolc ,mbryot wlth 6-amlnonfcot'nam'. ( 6-AN ) 
" 

produGed CI ~ of mWcraMnO and .,.. .Ie. ( L-,clauer, 1957). I~ 

"' ...... t of ..., ......... the In"Nct'on of 6-AN wfth .veral typlt of "'I-'''''Y 
'nherltH Mtoromelfa w. ltudl'" ( Lart"'",r, 1'65 ). Tf\e °h,teroayaew .mWyoe of 

thtt mw.À ._ weN moN .",.,tllt,. to 6-AN-Jnduoed mJc",""Ua thon the ft.,.1 

l' 

o ' 1 • 
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genotype. Heterozygote. of the mmH and ch mutanta, how.v.r, drd not ehow 

th'_ 'ncl'tCllld 'Nquency 1~ re.ponet. Th, conclUllcn waa ~h. mmA 81ne and 

6-AN '~Irted thel, e",ett, on thelorne metabollc prOCfIlI', whlt. the mmH , 

and oh mutanh had l'Cut .. of actIon 'ndependent of 6-AN '1. Landauer .tl'ltled 

that concluarve Ivldlnel 'or a gttn.-teratog.n Int.ractlon would If. rn th. 

deHn.otton of th. undtrl)'1n; mlchan1.m dflruptrng th. CI" proc ...... 

Stuc/le. on th. fnt.rac~on of mutant ;en .. wJth t.ratoQ4tnl have 

0110 bun ~rform.d ln mlct. Th, odmlnlltratTon of trypan blu. to m'ce hlterOlygoUi 

'or th. receu've glne .y.I ... n ... yl.,d.d Q hl;hlr frequtnc:y of anophthalm'o ln 

th ••• offlprfn; tho~ thON 0' th. tr.ot.d nOIm~I.tr'Qrn ( Barber, '9~7, Beclc, 1963 ) • 
,,;> 

Howevlr lattr work rndleatld .ubl 'nt dfl',rence., ln .urc.ptlbfl ft y to trypan blue, 
, 

bttwHn th. nOlmClI and gen.-carryl"; poputot'on. ( Btek, 1964 h Th .... 'ore the 

df,,,,.nc .. In Nlpon .. could bt quit. unrtlat.d to a gtn.-ttratOQln 'nht!tetron. 

Heterozygot .. 'or th. rectal" 81n. m/ctqlhthGlm'ra ehowed an fncre.d frequenay 

0' affecttd II'I'Ibtyoa cornpartd to th, nonnClI group after trtatment w'th trypan blUl 
l, • 1111 , , 

( HoIhfno ft al, 1972). Tb. ,"'ct 0' trypan blUlon MO aut.omal damlnCllt gIMI 
-- 1 

haa 0110 _n '*lm'nICI- Alter t ... Cltmertt 0' "...,O"t "mal .. offIptln, hamoIytOUI 

'or the lletra ..... gin. demonltrat" a h lah., 'raqutncy of ,."oaphaly thon the 
o 

oorre.ndlnO wrrct-type ( Johnaon, 1910). ~ an 'nteNatfon WOI p,..."t ont 

would _plot the plMt..-. of the Qlne to '" I"c,..d ln th. h.ttroa)'lOUl 

ofrIprI", àfte,. ttlatment alto. How'''''' the frectUlno)' of blnoephaly 'n the 

., 

, 1 

1 

, 
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,-, 
If' 1 

'" ? 
~ 

'c 
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hettroayaotte end not d''''r 1,.,lftcantly from the. of the wlld-type. The,.,.. 
Johnaon concludecl the path~ of actIon 0' the gent and Nratogen to be 

dlHerent 'rom one another, thougtt no Ivl.nee Weil oftt ... d to lupport luch a 

ltatemen t • 

The' adrnlntltratlon of trypan ~IUI to pre.,.,t "mal .. 0110 produOld 

tam, ... In the of""n, htttroaygoUi for the Ifoachyury gen •. wlth th, w"d-typt 

rtmalnfn, unctfNcttcf ( HaMbu"", et al, 1970). SlnOl thl. condlt'on OGeu ... --
lponton'OUlty ont" ln the hem.."goUi mutant 'otm, ft WCII ftlt the trtotmtnt 

In~,...d the penetranOl 0' the genl. Thl. aould bt accomplflhld -by the action 
, 

of ""' and teratogen on th, lCImt m,taboUe pathway 1 but no .vrdena, dt""'n" 

.uch an un.rl)'ln, mlchanr." waI p ..... n .. d. 

The mutant fin' I1d gap, wh'ch caUIIS fallu ... of lyelld fusron, 

fan. to penetrate 'n 30 'pef Glnt 0' the m'CI who".... f.. In an atttmpt to 

In __ IN ptM.,.,. pre..,. ftmal,. WIN tl'lGtld wlth aortl,.,., ~ut the 

~~''''' .U llei gap hom~, tn~ dtmonetratecl •• lenIf1cant .e ..... 
iii 1 l, , ' 

\ : ln IICfH'III'v'ty of the mutant phenotype ( Watnly and MIII.r 1 1964). To hy,othltlae 

.... methanf. bv whtth the Oort.1 tntlrtertd wftt. thl actfon of the llne would 

have _ft """ .. eulttfon, • po'nt Will ....,. .. td Dy th, .uthOri. Dall < '''') 

.tudltcl the ,"'ot of flÜONUPIol1 ,C 5-PU) 11ft" two Mutant...,.. on "mb _I .... nt. 

H'ah ... or 5-PU _ .. ,...'.1 hyperphcal •• " ft t'blal hem '_Ua ln the moUlt. 
, 

The Iftut.ntl, luxefcl enct , .... , we .. two out...,., .... '".,. """ that .... 

'\ 

" ' r 
(' 

~t ... 
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polydctc:tyly ln h.t'I'OIYQot •• , and tIbial h.ml""Ua ln homozygot... Â low 1 

non-tel'àklgt"'c dCli 0' !-FU WCIJ odmlnr.t.rtd t~ prtl"ont ftmal .. and.produaed 
. 

tIbIal htmtm.l1a 1n th. h.t.rolygoui offaprlng, a conâltlon nat faund ln th. 

hcmozygpue normal .lbI. $tlll, OOQ; ,trl •• d that the action of the Dtn. and 

t.ratag.n could not be .urmr .. d ta act on the same 'brockemlcal proce ..... " SIm'Iar 
, , 

rt.uh. haVI b.l" obtarn.d From atudf •• wlth S,.PU and th. mutant Strong'a 'weold 

( FonthoeF.I, 1972 1 FOl'lthoeF., and WU nam., 197'), and S-fluorod.oxycytldln. 
J ' 

and th. 11mb d.fo"," t~y a.ne ( O.a.nhardt .t al, 1968). In th ... atudl •• th. --
h.t'I'OZYa~UI o'l.prlng, aft.r triatment, ph.notyplcally ", .. mbl.d th. mutant 

homozyaotl , 
\ 

Âc"nomycrn D, on rnhlbltol' of RNA Iynth • .r., wOlodml"r.N ... d 

_ to pNgnant ',mal •• In on att.mpt ta analyz. ft. pot.ntlatl"a .'''ct on th. 

Brachyury gin., T (WlnPl.ld and Bennett, 1971). AI a h.t.rozygote the T "'" 

prodUCII &ho", tafl., CIl a homozygotl. 1t t. ltth:.l·Th. "OItIlvl alt,ll. ( t ) 

can ail Inttnla' w'th the T .. nt to prodUCl tarn.an. and .foritlftl .. of the 

Glntral rlel'YOUI '~Nm, IlacUn; to tarI y dev,fopm.ntal a".,t. Artttr treatmlnt 

htttl'OlYFUI ( T/+\) ,ferncal. produced abno",",1 .mbryoe at a 'l'Iqûlncy of M. 

The malfomt.d ."'bryoI, p .... ""'teI to be T/+, 'Ntl'l phenotyp'oally "mltar to th. " 

of T hemoayaott. .,d t"- I,thtl t .n.l.. The avtho" '""gIIted the lotlnomyotn 

D MUItt fn .. ~t w,th th, T ..,.. 'n _,'''' the htttl'OlYlOtea Into "'oc"l. 
1 

l' \ \ _ 0' theï/T and t ,nel. hemOlY"'" They "It the 'n .... 'n .xp ..... rvrty ., 

, , 

, 
" 

, 1 
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the T ..,.. by actJnOlftVctn WCII due to "","or l'OUttI of oet'on, itut admltted 

the CCtueatlyt bl~Ioal mtchan,,", remat".d undennM. Talll.., .. WGI 

allO producld ln he ..... ygoUi offa",'", ahr the p""",nt femellt. wtre t)CpoMd 

to T -2 tox 'n ( Lary, 1917). Agoln 1 .OIN ""derlylng t,#tct on a common metaboUe 

rovtt 'NOl poetulated but n~ oonolualvely ..toblt.Md. 

Th"" many dudf_ have "cr'btd tnv lronmtntal-baMd chan811 

, ln phtnot)'Pt that m'm'a""" variant known to bt dut to a ahan .. In gtnotypl, 

Thrt uncltrlyfng meohanf"" 'n the productIon of th ... phtnocop'" r. allumM to bit 
\ 

a dIsruptIve ."'ot 0' bath the mutant gtntI and the .. rat.n on the lame dtvelop-

mental p"*'l, I.t. by actIng on the tom. ""taboUa pathwaya. Howevtr, ln 

many of th. ItuCU .. p!Wenttd he,., th" undtrtyln; mtchan'am 1. not or cannot 
-, 

be ltrought to Irght, Th", the ...... ma'nld a nttd to lltabn.h lOmI ""thod by whlch 

a gltne ... nstogtn In .. "otton courd be truty Indlcated. The te"" 1gent-ttratogtn 
1 

InteractIon' could be' con.I."d to Impl)' that thtta two faotorl lo1n togtther to 

foftn a",'.,. ... I.fonehfp, and ln dolne '0, chCItgtthe .... pan .. 0' the orvanltm, 

ln a tl'Ut t"ttroot'on ,ot+. quallty al weil • the quantlty of the ,....,,, ahan ... . 

What btaamtt ' .... ..,. " not thet tftt '"""""cy of the malfomtotlon 1. 'no ..... , 

but that tn ... woy the ... and terat"", Clot tOlt_r to prodUOI thr. ~ 

'n • ',," ....... " .. mIMIr. 

l.ewent'n ( 1914) hee UIId the term 'nOfWl of ,"otl"" to raft, to 

the ,.lltfenlh., fil ~ endlnYtl'Oftmenf to.phlftot)1ltl. Olven .. y t'Ne 

, J 

, .. 

" 
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gtnotypea, ahould one lomthow tntercet wlth the .nvfronment 'n a wcy df'fertnt 

frem the othe, 1 tht Incl1tmlnta of chanp ln tht envlronmt"t wll' not yleld 

the sam. un ft change ln the two phtnotype.. In a graph of genotypt YI tnY'ronmtn~, 

tht phenotype. could bt Np ..... nttd al 'nterMet'n; l'ni', th.fr nO""lof .. aotlon 

belng truly d'ff.,.nt. Rtf,"'ng bc3ck to th, worfc on dCOlPRh'''g, It wa ... ,n ,hat 

a Qlnl-ttra,," 1ntiraet,Ion could bt d.ffnld\,al tomt changa\ 'n th, reactlon rate 
1 0' a dtv.lopm.ntal proetl., and that th 1. ntw reactlon velocrty could bt charact.r'l.d 

graphlcally as .ome dffftrtntiai cnan;e ln Ilopl. Th.rI'oN lt btcam. plaua'blt ta 

thlnk of an 'nt.ract'on al a unlfl.d forc. I.ad'n; to a unJqê, chang. In the rat, 

0' a dlvelopmental proeell, Np,..slntld by a changl ln th •• Iopl of thl ,..p~" 
\ 

curve. 

Th ,. approach has btln ultd ln th •• tudy of i.notypt·ttratogen 

C ) 'nt.factlon. for oortl.one-t"ducld cl.ft pa/ate ( Blddl. and Fralt', 1916} Blcldl.,_ 

1917). fncreal'n, ".ponll 'requ.ncy wat plott.d aga'nat Inc!'1'os'nQ dote of tlratagen. 

The .tatfatrcal tNnlformotfon of th, data to CI .et of Itralght Ifn •• WOI Clchltvtd by 

• 

the UN 0' probft anoly"" ta he dfscUllld ln dito" lattr. Th, Slrr •• of paralt.1 

dOM-,...." GUrv. obta'n.d ln" th .... tud'tI Ind'oattd th, undtr'y'n; mechont.m 

for the prod'lCt'on of cortltont·'ndu.d oleft palot. to bt the same for the Itra'~11 

teIted. In ...... ct'nl liMe, had n~poran,lf~ bttn dtmonttrattd, 'Hould haYt 

.. fltoted a à'fftrentlal ahangt 'ft the m_" .... pon .. , 0 ,,"otron ovtloclty chan .. 

ln the dtv.t .... ntal Ivent clue 'a lOmt IIftt....."t.n lnttraot'on: 

" ~ 
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l'he cI',"outtl .. encountereclltt pNv'oua .udl .. when attem,tfng 

to d .... m the .latenoe of an 'n .. raotlon have .... ttd ;. the necealty of .... tln. 

and ."nfng the ",dtAYfne mechan "'" . An 'ne,.. In the ' ... quency of NIpOftIII 

CI ..... treatment 1. not Inltlelf conal~ evldenCl t'or CI .Imltar route of actIon 01 

fIM .. d haro",n. p,.ft onaIyt" and tM Itudy 0' dOle t'IIpOftM curvet ca" l'hUi 

,..,....nt a .tat'.'cal too' w\lth whlch tn"Nct'. may be, .. tab".hed. Onc. an 

J tn .. ractlon Ha. '*" ahown to .ltt on a rnathemotfoal ball,l, then th ... ,. 'or 
the ..,.rlyln. blologrcal ",.chan'_ that dtn,.. th'. n.w type of ... ...- mG)' 

\' 

pNCNd. 

\ 

\ 

\ 

,> , 
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1. Ma ...... ,. ami Meth .. 

1. OeMrol' 

Ali m'ce UIId rn thrs atudy w.re Ie.pt fn the anrmol qua ....... of 
1 r 

'the o.,ortment 0"1'0108)'1 McGlII Unlve ... 'tv. Th.y WI,. h~, "VI or , ... , 

ln plGltfc cage. wlth wood chfp btddfng, and Nd Pu,lno Lob Chow and tap watt, 

!C' .... I1 ... "'_tum.... They'Ntre rnotntaln.d on a cycl. of 16 hou" "oht and a hou .... rlcneu. 

Th. Rib fuIlons ( Rf), CrooIc.d-tal1 ( Cd ) 1 and SWV m'ce 'Nere ail 

provl.d from colonl. Ie.pt at McGIII. Ali Cft fnbred stralns and are malnta'ned 

al IUch by brothe, .. r.tt, matlng. The p ... ,. ..... d b,..dtng "'an was to mate 

he .... yg., ... to wltd-typea, ~.~thta not ~'y produced the h ... rozygoUi and wlld-typt 

MI .. to • uaed a •• r,.. 'n the .)Cptr'men .. , MIt 0110 ovo'.d the productIon of 

~"" whfch do not survIve to brrth. 80th Rrb fuarans and CrooIctd-tan 
• 1 

heteroaygotee pout_ vertebral mal'ormatlon. 0' th. tan that Qlve ft a Iclnkecl and 

, Icnotted oppearanct. Wlld-typt mol .. ( .nottd ln thfl atudy ca +foC" and +i+'" ) 
. , 

.,. .pcllrated t'rom htterozygotel on th r. àos ra and furthtr ahtclctd for trutMD of 
1 

l'rtotypl by a matfn,wlth a wttd-type femal •• The litt., produced woa .... ,ned, 

and the "...noe of My .~~.'~.utd offaprfn, ."mlno" tht mol. hm the 
.. ~""" ........ " .. ir r /, 

aNdy. , • ....., IMI .. weN _d ",,, "~ c.-, 1... 15 Cd,4 .. JI., 1 S;,+Cd .. tI ~ , 

15IRf/+"~' .to., .. "'''' mol .. 'NtN .d fat matlng ~tth both the A/J 
_ SWV..... Itoh .... _ ho.d ...... tefy. 

\\ 

" ,,! .... 
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/C • 
• ;? • 



1 
; 

C' " 
, , ,1 

, . , 

-31 ... 

'" 
Vlraln A/J (A ) f.mal .. w .... obta'ned from th. Jacksen 

la bora tory , Bar Harbour, Matn'. They were 6 ta B wNk. old wh.n r.ce rwd, 

and mafntaln.cf ln tsoloHon for at teast t'No w •• kt btfore us.. Th. SWV f.mal .. , 

01.0 nulffparoUl, w.rt 6 w .. ~. of age whln mated. Flmafl. were placedwhh 

mal •• on a en ... to-one ba.t. and we,.. not removed untU matIn; had oc:currtd. 

FemallSwerecheck.ctlochmornln;and.lfavag.nolplug WOI present, they 

wtrl r.mov.d ta a new eage ln groups of up ta flve. 8y convent'on, th. tlme of 

cOft'Ceptton wa. consldtred to bt 2 a.m. on day 0, th. day a VGgTnal plug wa. 
[1 

dtt.cted ( Snell!! 21, 1940). 

2. The dose-respont' Ixptr'm,nts 

') A/J dam. 

(- ) For th. dcae-re.pon .. work th.. c~. we,. tltabl T.h,d 01 follow. 

• C 

1 

,11 

( by conventfon, the "mole Qlnotypt f_ Illted ,t",t ): A)( ccVi-, Â )( +/+Cd, 

Â Je Rf/+~ ~ Je +/J.f, and A Je A. . Ten untreated litt.", w.,. coll.cted 'rom each 

CfOII ta ,'M QI control.. For th. A )( cd,Â-, A x+/+Cd , and Â )(+/..,.f crOIS" 
1 

th ..... 0' fnlulfn admrnl,tered w.re 6.25, 7 • .5, 10.0, 12.5, and 13.15 I.u./lcg. 

Th. Â x A-crata rec.lved ont y ...... , 6.25, 7.5, 10.0, ond 12.5 T.u./lcg. At 

ltolt la fI",n-'Ne'" coU.etH at"oh dol., and thft "umbe, WQI uc •• d.d at som. 

of th, d .... 

, , 
" 

, b'\' , 



• 
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. Protamlne zInc 'nlul rh Wal purchased 'l'0I'II a local pha""acy ln 

a cancentrat'on 0' 100 f.u./cc, whlch WCII dfluted wlth Ite,rr. dfltflltd water. 

The InauUn WQI Inlecled tntroperftoneally, ln an omGÙnt propartlonal to th. welght 

of the female on the doy the VClg'nal plug WGS found. Th, t'me of administratIon 
\ . . 
1 1 

WQI 08/12, .uggtllted by Sm'thberg and Runner ( 1963 ), and verffl,d QI the t'me. 

of maxImal Nlponse ln th'_ Itudy bya p ... l1mlnary tlme-reIPcn.e tHperlment. A 

dole of 10.0 I.u./k,. of 'nsulfn WCII admlnlste",d to th, femal •• at ont 0' the . , 
., 1 

followlne tlmet: 07/18, 08/6, 08/12, 08/18, ~d 09/6. Thre, Htte" we,.. 

collected at tach Hml for .ach cross, and ICOM for the frequency of 'Hencephaly. 

The reaults, 'ound ln Tabre 81 and FIgure Bl, fndfcated the maHlmum re.pon .. WCIt 

obta'ned w'th treatment on 08/12. 

Food and wcter waa remaved 'rom th. cages 'or .he hou ... follaw'n, 

tl'Htmlnt. The treated femal .. we,. locrlftcld by cerv'cal fracture and the embryOl 
, 

conected on D13 or Dllil. Relorptlonl we,. notld, and the rema'"tn; embr,CI w .... 

ICencI for e.ncepholy and oth ... moifonnatJ..,., and .tored ln 9'" alcohol. h 

an attompl to Idtntlly CcII+ and Rf/+ "ryaI, the .... bryoo weN cIta l'Id onet.... , 

"I,tona were _ .... ,nect wlth mathyl.ne ~ ",lng. one of two prootcIu .... ( Gruftlberg, 

" 
'953, In~ and M'MN, 1916), but suffla'",t ."neatfon of thtt cortUaefnOUI 

.,.ton could not .,. obtafl'fed. 
. , 

/ 



... 

• 

: 1 < 

, ' . 
t' 

tl' .... 

IIftatlonol tlme 
(day/hour ) 

. c# .rrt 
7/18 
8/6 
8/12 
8/18 
9/6 

+j.Cd al ... 

7/18 
816 
8/12 
8/18 
'16 

Rl/+atre 

7/18 
8/, 
1/12 
1/1' 
9/6 

;t" .... ' 
7/11 

"6 . ""2 .~, 

'/6 
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TA8U 81 

'",utin tfme .... ~ data) AlJ dame (10 t.u./ka) , 

no. of 
Iitten 

} 
3 
3 
3 

3 
3 
3 
3 
3 

1 

3 
3 
3 
3 a, 

3 
a 
1 
1 
1 

no. of 
Il.,. embryoe 

, , 

1" 
15 

'" 13 
13 

15 
17 
15 

'" 15 

1.5 
t3 
16 
13 
'3 

1 •. 
1 .. 
13 

•• 'Ilj" 
'r 

r .. ,. ,. 
Il 
ta 

" 

1\ '...:\' 

\ 

~.;>r 

" . 
" 

'" ", , , 

\ 

no. of 
tXMcephaf Ics 

\ 
1 
2 
3 
1 
o 

o 
1 
3 
2 
1 • 

°1 2 
8 
3 
o 

0 
2 .. 

-1 
0 

1 ' 
.1 
2 
1 
0 

.... '" 

' , 

r .. 
exenctphaly 

7.1 
13.3 
21." 
7.7 
0.0 

0.0 
5.9 

20.0 ' 
104.3 
6.7 

0.0 
1'." 50.0 
23.1 
0.0 ' 

\ 0.0 
14.3 8O., 
2t.~ 
0.0' 

. / ), '1 

7.1 
, •• 7 
'1.,' , '.3 
.~O -

," 

i 
'{ ,(,M 

~~) 
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Il) SWV dama 

Par the d_-reeponll work wrth the S'IN twb ... cf lemol .. , tM 

ClI'OIM' UIIcf w,", SWV ~ Cd/+, SWV X+,4C •• SWV Je ~,,.+, SYN)C +}tR" ancI 
'1 

.swv x S'MI. Th, t'mt.,..pon ... tudy. Involv'"; th .... )ltt." ot .oah of the , , 
o 

ttme. ulld ln th. A/J .tudy 1 0110 IndtcQt.d th, ~'m. of maxImum .... pon .. to bt 
~ , . 

08/12 for .ach of th. c:~ ( Table 82, FIguri 82). Inlulln WGI admtnlltenMI 
J 

'n the same mannlr CIl h WCII to th. AlJ dom'I th. dOM' Ulldw .... "'10.0, 20.0, 

25.0,30.0, and 040.0 r.u.A;. Th. hrgh., dOl .. w .... ad 'n tHr •• tudy CIl the 

SWV w .... not 01 'UlClptlbl. to th. Iithoi ,"~ot. '0' lnlult" a. W'N th. AI J 

Mmol .. , T.n untreattd 11».",rom .ach crOQ Wlre coll,ct,d a. control.. Due , , 

\, ta th. 1011" Utt.r .1111 of the SVN mIe., CIl ,.w a. _he Ifttll'l w ... colllcttà 
• • ! 

at lCIah dOIt 'or th, trtattcl c ...... 
, 

TM tlmal .. w .... IaCl,tfrctcf Lw Clrv '.1 'racture and the 11ft'" 
ooll.ot" on D'8~ bam1nat1on of th •• mtlry. ot a tattr gatat'onal tlme than . - -

ln the Â/J .tudy 'NOl doM '0 fmproy, th, ,-.Iblltty 0' .1,"'orlly .talnl", 

tht eIc.letw., At '" the A/J .tucly, th. "»en Wtrt _,.; hl, ,.. • .,tlon. and _: -, 

mollonnatr.,., and .tDNCI 'n ,"- alClokol, The .,n.cI.ll.tant Wlnt 01 .... 
. 

and .to1n,td wlth .1 r • .,1n '" 5. Th. 1Ic,11t"" WI,., th", .... In'" for y • .."., 
, , 

and' ~lb _If..,.tfont.,' TM "' ..... on .. ( 'n'the pNII ... t ttudy th'. htnn witt '-
, ' 

UIIGI te .. fil to tht dato for 1MuOlfi ... ,hllv ) ri ,.",tllft cio .. f,.. the 
, 1 

...... '''' .... """1 '-th the ~J ",fi S'IN dM wttl .. IYlt4,~ pM"' •• lyeft. , 

. \ " 'f' 

o 

.' " 1 

' .. 

, ' 



, -, 
. , 

1 ..... ",. 1 -.42-

TAILIU 

...... ...,., th. 1\0. 0' , no. 0' no. of " <./hour) "tttr, "YI tmWyoe •• M ..... ,I. .xenoe,hal )' 

Ce,·,. 
7/1' 3 25 0 0.0 
li' 3 2'6 4 1~." 
1/12 3 " 2 .. 7 29.2 
1/1' Il 2' 3 12.1 
9/' 3 24 0 0.0 

.t(+rA .1,. 
7/"· 1 27 0 0.0 
.", 3 • 3 10.7 
1/12 3 27 .. , .... 
• /1. 1 ... ., 2 6.7 
'/6 ~ • 1 3.6 

,,~h 
~. , 

7/1. 1 • 0 0.0 
1/6 3 11 , a.6 

/1 ~12 a - 10 a.' 
, fi" 1 27 • 22.2 

J,.:" 
l, a 1 10.1 

" 

1 

1 

~ 7/1. 3 M 0 0.0 
.", 3 c· 1 11.1 .",. 1 '16 • l'.a 
1/11 a 17 1 a,' 
_/6 1 • 0 0.0 

swy .... 1 . , 1) 
1 . 

7/1' " .. • .' 7.1 
~, " 1 • • .f6 
·(t.12 • \ l, 1 Utl 

'. 1 1 
,'1)1. ' , 0. l, •• 17.J, 

i ,fi' • Il' 0 ~.O . 
"'. ". 

1 
1 J 

, , " 
l' 

" 
" ' ,. ' " ' , 

,~ -~ '1 '>-:t: \ 

, , ::: '::!:' ::~ ~';~~:"/ 
,. c 1 r!~ ~ ~ , .-

, . ,\:,-", 
.';',f'~:'\ :,;::',',. 

'. 
_.: T "'- .. ' 

. .' 
;. f" ' .' 

'4 Il' '!il ;!~ j ';-

' , Il, , JO:, ~Jf ,4, '-, ,', 

'\ ~ , 1 '~ ... _~. ~.,.J f{l'~:J'.' ~ .' 
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3. 

,\ . 

,,.It analyala 
1 

The .. _nt Imp .... lve trMtmtnt of d ... ·....,..,. clata by pr.rt 

analyef. 'n the 'n_'Ftlon of .. notype-.. ra."," 'nteroot'_ ("dell., 19"1 

.,.". artel ',..r, 19761 ""1 Jurflo", l''') prompttcl 'ta lAI 'n,the p"",nt 

atudy. It WOI "'t thot the ritoroualtGtla.'oa' pI'OGIdurtl 0' prob't analyal. 

",....IIftttd th. beet and mOit Qom,l.t. ClpJl'oaoh ta lM ln th. Itucly of "n.

te,..OIIft Intlraotlon •• 

Probl. onalya" ( 'lnMy, 1'" ) ,. a'm IIar ta t Intar "" .. fon 

aneIYl'" but 1. utld when qUGntal ... ,.an. of a "'nom 101 populatIon are ta ... 

.acamlned. Thot r. ta IllY the ..... of,..., ... the lubl'ot oan olft, r. "of' 

nCIfnMIlly dtatrlbuttà, but fal'. 'nto on. of NO mut~lIy 1X0h.l.,. catelorl., 

1... normal YI "'''01''''''0 Inln. The..,.,.. ,''',,, ln addItion to ""nl 

"'n ... lally d •• trlbuttcl, fa .-.. 1 ••• the IUb~.ot "ther ,...,.". tota"", 
",.".Int totoll" ",,.,..tv.. The", ....... 1ft)' ,Ivtn _, the .He.t'ven ... 

el that tNGtmltlt ri" ••• i Il the ptNln .... el IUb". """"dln'f ., the 

.... f, ..... d, .. :1 tn-Int,.,.... of tho .... 1_ """"", ... tll 

"""Iv MI .. ft ,....,\tMt "Ie'. 10C* ........ 

n. ... 'n ... ratr., of. ""111"--, whh .. th.,t. hn the 

,.,I .. ' .... ty' ...... of""N' .... , nt the .. ultant.....,.. "..,.,. .... 
Il 

..... ta ., ..... the ...ultt"" ,....." tlfttfUlUtlon of ... ,.. ...... Itfyft)l 
" 1 

-, tfIftd to .. '~I''''''' "- th, 

cf" 
,1 

. \ 

, 
" 
, 
, 
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1 

0 
fna ... ln • ...,.on .. fNqUincy wlth InONOI'"1 d_ r. only aOGurat.ly ... ""ahld 

when the NapontI CI ... veral d"' .... nt dOM t.v.l. " 'MGmlnecl. ThUi 'n thttt 

'M,.,'m,"" 5 d .. 'Nt ... Cldmlnl ... ,..d to ail th. Crout, 'MOI". th. Â Je Ac,., 

whfoh WGI .rHted wlth .. d.... Th. dOlt..,.."on .. curv. rnay thue il oon.ld.Nd '. 
, , 

to Npre,,"t the o","ulatlve f ... qUlncy d'ltr'butlon 0' thCl. pa,ulatlon. norman_Id 

Dy ~. mathemotlcal ""'formation. appllid to fht raw .... pen .. cAsta, and valtd 

only 0\'1, th. ran .. of .a emplO)'lld. ÂIt undtrlyfn, oontlnuum of mpon .. to 

th. treatmtnt 1 wfth hlghtr cl .. yl.ld'n, a hlahtr f,.qUln0Y 0' oHecNd feh ... , 

.1I0W1 the ffNI dato te be ttran.fonMeI Into a aontf'nuoUi dlatrtiutlon 1 w'th any 

graphfoal rtpllllfttatlon of thl. ,...,. pottIm oonf'nteI to th. "ml" of the 

"'ran ... " ,- , 

.' If ont pl. th .. Ino .... m'....,... ratte a .. 'nat th. I."th"" 
" ~ 

of the .... _, a 'Y"'metrloal"gmofd OUNI ,. ob"'nld, ~_ mldrttlon 1. i j./ 

" ,-

l'OUIh'y IIn.r. The .... whfch .Ua'" a- rweponM aman, H of the .ubl.eta 
v 

\ 

ft lenown _ the tlftcl'an .... ot,'" cl., the "1050". At the .remord OurY, ,. mOlt 
" 

IInMf' 'n th r. ",'on, 1'IIpOft .. near the BOSC a .. oon.r.rtd th. mcet ,."abl •• 
. , 

~; 

t'~ '~: 

The la ..... vrot'one hm Ilnta,fty INn at Viry low ond Ylry h lah 'rlquen.' .. art 

.rr",r".ttd Iy oha",,", the .. ., .... '.....,,01 .. Into p,,"ft YlI... A .... ft 

WlI .. fa • .....". of the ... ..,.. 'noMment .... Dy chan,,,,, the lot .. by 

one atancflNl_f •• ,on. It r. the,., .. a NI""",fat'an of the .'atlon of an" 
, - .. 

1 .f., NI.," hm the "' ...... "",'"" value, the IDao_ Â plat of th. ""t 

val ...... 1ntt "'-IDt ... Ylh,.. yl'I. the 1_ .......... .,.". OUM. ' 

• 
) 



, 

_lb 1 Hnlt J Il. lU F .'1n r 1 U • id ........ tlilll ,,, •• 11" li t __ .... Il 

() The m.thodl of prob'. anal YI" .pec'al1l' ln th. hand""' 0' 
quanta' .... pon .. dataI oth.r forma of l 'ntar ... O .... Ion do not. AI the ... ponte 

ln .v.ry dOiage group fi ba .. d on CI aampl. 1 a'lumtd ,.p,. .. ntat'v. of th. 

populaHon 1 samp"nv varlane .. wUI d1fftr 'rom dOM to dOl.. In ord.r to 

.. tlmat. th. belt pOlllbl. "'O .... lon 1 Ine, .ach ".pon .. aMt bt w.1"hted to 

... II.et !ta relatly .... lfab" Ity, and th. wt'vht o'y.n wIll be d'Nctly proportlonal 
, 

to th. number of lubl.cta t .... d'at thot dOIt. AllO, .'nct the oraph 0' ~ht 
cumulatIve 'reqUincy dl.trrbut'on ehowtd the o ... at"t dtvlatlonl HOm l 'ntarl~ 

at th.l)Ct,tme ' .. qulncl., 1 ••• furth .. t 'rom th. EDSO' th. valUlI are 0110 

w.fghttd to dtereaM thel .. contributIon ta the "nal "'O,...lon I1n, 01 th.y dtvlat. 

more w'dtly from th. ED5O' In the .. ,xplr'm.nt. CI larger numbtr of 1ft .. " wal 

co".ct.d at th. low and hlgh ,..011. ' ... qUlnel .. to vrv, furth.r ","abfltty 

ta th. reepon .... t'matlt at the .. dOtli. Th. bttt ... p,. .. ntatlon of th. reVNIIlon 

Un. J. obtaln.d by ,ucCllllv. '''ratfon., unt" the problt valun 'or the olven 

.... change by "11 thon O. 1 'rom th. pl'tvlout round 0' calculatlonl,' _ 

TM ID50, 01 the d .. Nqutrtd to obto'n a ".pon .. In half of th. 

population, rlp ..... "tI the ,..Iatrv. "",'tfvrty al the ,uDI.ot ta th. trtahMnt, 

,""Nf ON a OOftI"~'aon of the 1D5O'1 'or 011 the c ...... tt.ttd '" thl •• tudy will 

>,'-,. d' ... n .. 'n reaatfvlty to th. t,"tmtnt. The .Iope 0' the d.-*PC"I" 

OUMt ,." • .111. Ylr1en., or ,., .. , 01 the ,....., .. _, wfth amall.r chan ... 

'~.!!e.,.n,>, ,l'tm .... lroup to d .... gro~ yI. Id'", a _II., yalut 'ar the 

wrf .. OI, wh'''' '" tum 1. ,..,,...,.tecI., • ...,. .. OUM. The tlope r. th", a 

____ -*", , 

" Il .: 

fl~, qi 
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m'Glure 0' th, change ln ratio' .om. devllopmental proelu a. a 'unctfon of the 

log dOM. interactIon. ma)' be fd,ntl'Ied al nonparalle' l'nll. ln te rat ct'ng 

doat-re.pon'I CUrvl' art due to a .lgnlFtcClnt dlfflrtnel ln slope valu .. , whlch ,. 

Indrcatlve of drff .... nt rate chang'. per unh dOle Inc ... ment. 

ThYl problt anClI)'.,. wal applfed to bath th. do •• -.... pon .. and 
1 

the .... orptlon data for 011 Cl'Ol'" u •• d ln tht. Itudy 1 to dlttrmln. If 1nteractlons, 

l'Ip,.. .. nt.d" al nonparall.l re;reulonl lin .. , .,.t.ted. For thl dost-re.pon .. data 

the ' ... qUlney 0' Ixenelphal)' wal Icored al th~ number oF ,xenc:epholfc:a per totol 

number of Ily. Implanta. For the ",.orptfan data th, Frequency of "'Iorptlon. waa 

dlterm 'nid a. th. numbtr 0' "'Iorptlonl per total numbtr of Implanta. The 

1 

ra,re .. 'on Uni' for th, l'I.orptlon data w .... corrtctld for th, .pontan.oUl fr.qulne)',.' 

CH only Inlulln ... lnduced relorptToni Wlt. of Inte,...t ln thl •• tudy. It wa. not 

n •• uory to cor ... ct the lnlulfn-fndUCld .,..nc.phaly dOle·""penM CUNe. 'or 

.ponton.oUl occurrence of the ma lforTl'lGt Ion. 

S)'Ittmatla "'latfon& 0,' tht data 'rom the cafculat.d rt~~.'on Ifn. 

'nd1cate that the attempt ta 1ft tht data to a Ihot;ht IInt fi Inapproprlate, and a 

nonl 'Mel, au,.,. would blttlf ,uit th, data. Should IUch dwratlOl'll e)Ct,t they aN 

1 
cltteCtM b)' a .r., rn .. t valut 'ar a goadn ... "'O'-'lt 'X' telt, ptrformed on th. 

'Inal equat'on of the Une, 

The ..... rd Irrorl 0' t'" .t ... , and the ffduoJalllm'tI 0' thtlDJO 

value. 'Ne" .110 oolculatld. 

, ! 

, 
,\ 



, 
~ 
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, '~ 

" ' 

,. 
To test for pora,lI.""" NI_Ion 1In. of approprIa ... ubgroupl 

of the c ..... telted wete .ubetquently fftted to a cammon .Iope. Dff,. ... "cn 
a. ' , 

'n the "X vah .... bttw .. n th. 'Ul'l\lMd ... 1 UII for the Indtpencltntl y fftted ........ ron 

Unes and that of th. common Ifn. were _d to deN""ln •• I"mcant dtvratront 

ftom poraH'''l'Ih Lfne. whlch dld not nt CI cammon lIope ft,. con.leMred al 

nonpaNII,' , and th, ,..noe of an Interoctlon WGI IndlGCItid. 
\ 

., th, prob't analya'" 01 wrth 011 other .tatf.tr •• mployed ln 
" . . Ittr. INdy, the I.vel oI.lgnfftcanae weil _en to bt "'. 

Morphologlcal rat~, 

Ta .Iucldate the ~.,Iyln, btologlaallMohanlwn(l) ~I.'. 

for the 'onnatfon 0' an • .,oephalfc tmbrVOI tmbl'yOl were .xam'!*I dur'"' 

th, "",ad of Muftll tu. alOlure .,d MONCI for IeYlroi f1morphologroal varra ... ". 
o 

Th ... untrtated t 1 ..... hm "oh 01 ....... were .""fIeI ctt "ch of tM 

followl", ..... tlanal .'''*1 8/12; 8/1', 9/6,9/12,9/11, and 11/6. The ... 

"'., WGI.mployed to ool',.t th ... trtatecllfttt .. hm "ch of the a .... , wtth 

\ the Â Je Cct4 Â Je ~(.4, _ Ale +,4"* ctOIII ..... 'vine 13. 75' 1." U/II, '"lUI ln 
\ . 

\ 11'4'1 tht Â Je Rf~ .,4'1 Â Il Â ......... fvln, 12." 1. u/lel' The SWV daM. 

hm.U the ..... were.lwn C.O I.U.", .. "",Wft the .... that ""hl 

"Id .... >hl ...... fWI .... of .frIc .... .....,., 'MW'"' that CI autn,r.nt "umM, . 
•• ..,.." .... ft .. ........ .,.It, ., ...... If .... 

, 

\ 

'-' 
1 ,-' 
;" , , .. 
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TM uttr' WIN ff)tH ln BouIn '1 for 2 .. houri, alter whlch the 

",,1wyoI we,. removtd dM .am'nld un.r CI tlr.ct'n, mlcro.eopl befo,. bernO 

pléÎGtCI 'n 7QCJ(a af cohol. RI..,tfonl 'Ne" noted 1 and the Imbryoa we ... lcored 

for loml .. num.r,I ltage of Mural tube clONre, and ItqI of tum Ing. Th •• }l'ltem 

~d • CI "u'.' 'ne for normal tmbryologlcat dtvelopMnt r. ".ted ln Tabl. '&3 •. 
... WCII ment'oned pNVICMly, the tam'te numbtr t. con.r.ntd to be a ,.\lobl. ln. 0' the ".tat'onof .velapm,nt of the emlwyo, and the .,.,,,,,nt of 

1 

. --
lOm'te riumber to .,..tatlonal 0111 WCII b.td on the comprehen.lve .tudy of mo~ 

ctev,lopment by Thett" ( 1912) ond th. ,)(CIft 'nation of control 1 ft .. " ln th r • 

• tudy. The .amlnotlon of thl contrel" ... " 0110 olcled ln .. toblt.hln" the 

... uf _Mural tu" clo.ure ( Tabl .... ), modlflld 111,htly 'rom th, Iystem UIId 

~ Ralohgot ( 1971 ), and the ltcIfIt of tumfne ( Tabl. 15 ), CIl the Iméryo mOVfl 

Iran CI I~'a to Icyphotla .. 'tlon dur,", ..,. ptrlocf of n.ural tube clOlUre. 

Othe, morphotOl'ool tra'te i lUoh •• vel...,t of the otlo and opt'c ,*Icl .. , 

.... ,'IM'nette! _ varlut. ta .. \Md .... we ""l, plftod of actIve morphaloe1cal 

..,.' .... t fI'fI net ....... en.'" tlmt pe" ..... 1ned 'n thl. ')tpt,'ment. 

\ 
~,..III wlth • Wl1d ~.c ._. 

• 1 

1.1 

1. _ 

. 
, 
" 

./ 
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TAU 13 

o System'" for morphol" ••• rot'" .. 0' DI-10 tmbtyol 

..... of 
CIOlUN of 
neunrl tube· 

gtltatlonol. ~.of 
( da)' 1 hour ') ...... pa''' •• 

8/12 8 .. 12 0-1 0-1 

• 
8/11 12· 15 Il 

'/6 13· 20 m-N 

o '/12 21- 29 v 

\\ 'l'. 28-32 

10/6 30-36 
~ 

vtt -

VI 

" 

• - ..... for ".;r::- el ...... ........... ,.,.... (1972)_ 
--~, 
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, 
" 
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".,., " 

... ~ l , l _ 
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, , 

J ' 



,,' ). 

-' , 

; < 

'1 '1 

" , , . 
< ' 
, , 

, t 

STAGE O. 
1: 

.JL -

.. 1 

" 1\' 

v 

VI 

vtl 

... ~ 

\" " 

-Sl-

TABLE ~ " s. 0' n.ural tube cloture· 

A opt'c YI.fal. 
8 b"",oh lai arch •• 
E otto vllici. 
H h.,t 
M m ... "e.photon 
P ProM"clpha1 on 
R rhcwnbenclphalon 
S ttomodalm 

The N.ural tube' '. campl.tely 0,-.. Ft,. Cl1 

CIONri ooeUII at th. mlcld'. of the proaencepholon ( 1 ). F10. C12. 
It then proceI. towo'" the atomocfaem ( S ) and th, m ... nclphalon. 
ct .... alao oocun at the '.vêl of the 't'th semlt. ( 6 ), ,In the 
,..Jon of the ot'C, vet'et. ( ! ), and ptocteda caudolly towa'" the 
,,"'for~, and '" a olphallo directIon QI far as the caudal 
ft' of .... -bercepholon ( S ). 

1 

The Neural tube f',OCImpl ... ,y cl_d over th. proeenc.phalon ( 2 ) • 

Ct .... te the ",1cWta 0' the IftMfIClphalOl'l ( 3 ) .... ultl ln th • 
""ttan of the .. ter'or nauraport. FI,. C14,C15. 

C .... te .... OCtudÏ' Md of tWlMMftaphalàn (.) GIOMI the 

~""""""'<' \ '\ 

1 The roof of the _t.n""an ... 1,. thlnly covered, malel", 
claeurt,.. tht .. t..n.pholon Inoompl.,.. ,t,_ C16, C 17. 

: '! 

, Wlth the thttlctfttn8 of the rhambena.phol1e roof Iptth.IfUlft; th. 
neural tu" ..... c:ompl ... ly 'n the head Nlfan. 111&. C18, C19. 

-'--1 
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TABU 15 

Staeet of tulftt"l of the eml:wyo 

Not yet .tart'n. to tum, the ""btyo pol, .... an S-skaped body 
conff.,.,.ttan wfth a conOOVlt 0Uf'WIh,tre'. Th. hrnclt.dy Il .. 'n "'.:- •. -
th. lGfM plan ... the h .. d. ft" Cil. 

1 

Th. tmbr)lo beg'" to tum h. head 'n CI cdookwl .. d'NotIon 1 wlth 
the Cfaftlol aK" .l1ghtly out o'lIne wlth the cau.' part of the 
axl •• FI,. C12. 

Th. axf, ante"' ... to the .'d-trunk ra,fon _-.';1-0 follow the 
rotation of the Mad, unfll th. orcmfal _la- If ot cl "tht anel. 
te th, h'ncII:»ody. 'f,_ C13. 

The ca*1 part 0' the .Ie, whJch .. 'na ta twl.t .ltghtly"loN 
the cran lai .... Ion ha. compt .... ft. 90- rotot'on, cont"'"" to 
Iv"', 'ne oloekwl .. dlreotlon. lt will ... " ... tfl tum 1 ... thon 

·that of the cran'al .... '_. 

c 

The .-. port'" 01 the •• Ie ........ 'ta 90- tum i 10 that t.he 
..... MW p ..... CI C ........... fI~", wlth CI _~ 
.".,...".. 1'hI "'''0''. of the CIUI'\IG~ t ..... "",ni aurra. of 
the .wyo, the .... r_ the .... aurfa.. '"" toll ... COfttlnUIM 
to .,. .... In .""10 .... to ,.. • ., the ,I.,.r., of tM .... .......... .... ''e. C14, Cl'; C16. " l, 1 

" 

\ 

') 
\, ' 

1 -

" 

-

/ 
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5. Log-Ilnt., Analys" 

The morpholOlfoal data obta'n" WCII Itat'ltfQQlly .xamlnld 

""'", 0 !MD aompute, p,.,."" 'Of' log-"nMr anolys'" The pl'Ofram placel 

th. data, oattlO"lucl by Nve,al yarf.bl •• , fnto a multrway 'rtqU41noy tabl •. 

TM anal)'l",'I .. a modet to th. o_t'Y.cI cell '''quena'... Th.llnal model, 

"cr''''"' the Nlatlonehlpl amang the va"abl .. , ,. obt'tllnld a'ttr ail th. 

~".ltl .. are tee"'" ancl ordt"d ,.. .Ign"'oant 'nteNotlonl. laah var'abl. ,. 

Icnewn .. a ",o'n .lftat, and th. d''''"nt 'flttraotfon. art 'ormtd ~ oonMC!utrvely 
" 

.ttlnl ..... "-ott .qual to l'ro, ancl "otlng lu_qUInt chan ... 'n proba"'UtI... 1" 

The ",~I t. known _ a hl."rohl,al on....... any hlghtr o., .,feot 'a 
• 1 ,...,.t ""y ff the CI...,,.'t. lowar .. and ma'n .""ctt .re fnoludeclln th. 

, 
,..., • weil. To fIIwt,.. th" ~.pt tup, •• , 'n the atudy of th. poIIll»l. 

~_ItI ... """" 'YI''''''_ n .... Â, l, C, D, lM l, • rh, ... ...,. ,...." 

ÂIC, "~ta-"', ,,,,,,ft_t 'ft .. ,.ot''"~ thl. ''''plftt, dut ta the hie .......... , 

netuN If ....... I~ "'1", tt.Gt ell the ...... , .,te ... (AI, IC, Iftcl ÂC) 
, \ 

•• the _'" ,,,. ... ( Â , l, .,., c: ) whlch , ... lU_ta " the th"d .... "'_, 

.. '-C .... ,~ ... I~ •• r""" ........ ".,..,". flotlll. Th~, omen. ,u 
,..,., .......... ,.,. .. thll vwItW .. , ... tht,..,., ln",. •• ,," (AIC), 3 

• . _. ~ "'~_ ( AI, le, 1ft; AC), 1ft; 1 .. In ,1ft .. (~ I, en; ~ ) 
.. ,.. ft .. " ... "' ... _ .... .,1; ..... ,... ,., .... " .. ' .. ,~ 1 .... , •• , ' 

" ·The _, h .............. ~_U., .,ther<, ....... ..,." • .,. , •• ,.,....,., .. 

n' a 

1 • 

.,' 

" ' 

.. ~ - ..,-
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, 
partlt,."tcI ,"'ott art not add'tlve ~., lijch aondltlOl'lI UI'", the 

a. 
goodneu .. '·fft 'X • 

l'! 

Ta .0Nln 'or I,.,lffoant 'nteroctl.". whh whlch to bull., a 

"nol model, Nt" of partfal and ,,",r.fnol ",'otton aN UIId. The ,.,t,.1 
_o'at'''' telte the .",ct oI .. tt'", an 'nteract'on ta uro on th, 'ull modtl. 

1 

Pot_m,l', CI MI th'rcI or., m.' Ait ,. "tttd, and th," the ... model 
• 

ft "tttcl _In w'''' ont of th. 'nfeN,t'ont, "'t AI, lit ta .,,.. The 

d''''"",_ 'n the ttttt Of fit ."mI''''' the "kit" oontrl,",tlan 0' Ai. 

Marglnol o_olatl.,. art determ'n.d by .. ttf"t UP,'requtnoy 

,.w .. ~':- th, lower Ofdt, IntnOtfOM 0' a hf'" .... , mode'. Ali ln, ln a 

th' ..... , ""*' AIC, .. oh of the two-fa..., Inttraotfon. ( ft" AI, IC, an. 
AC) It'I..,.,.teIVIMlyut ,t.y "IwO ~ WfII .. 6.,. ""' ,the .. I.tfw 'm,,"." 

~ . 
.. th ,"tt,.ot'OI\ ft ~"rm"", 11Mt ..... Il "",,''''' _ot.t~'" ft ""'*, to 

..,.. of the ,.ftl" _.~t)on for .... l'IICIlft .ots'" the hf;' ... , ''' ..... tlon. 
1 ~, st",,, ... for ,*h t~ l'lit of ,,*,,"'" ,...fe.t." aM tho .... ,...ltt .. 

_letl ... the .'tt., .... t .... "" ... ~ .I.,'ft_. In ....... .,. ,"YlI_ 
\' . 

.. ....w""rn •• ...,.t. 
- Tht ""'1 ".... "the _'Nt' • ., ." .,,,Ift..,. "' .... ... 

" ... ., .. """ •• tly •• ,," tht.... , ..... " l' the .. ,' ... le. D 

, " 

? ' 

- ,--. 1 



""'~--...... ~~--
,1 

• 

, , 
"'\ 

l' ,.. 1~", 
, ) 

(AC, le, 0), th", AC and le art IWO .1en"'eant Mo-faCltor 'ntlract'ont, and 
\ 

o ,. a ""'ftcont marn tlftct not 'nelud.d ln th. ,,1v," lIeond .' Int.raatlona, 
1 

",mlmbertn, that the ma'" .'''att Â, 8, and c: ON 01'0 1ncludld 01 .11~,'1ca"t 

foctol'l ln ~hl obov. mod.l, Th. mod., la th.n t .. ted to 'nluI'I that th. combtnatlon 

0' Int.",otlon' 1. IndIcatIve of, CI gooe! NR."tatron, aga!" utIn; th, two ClhJ.tquaN " 

t .. t •• 

.6. H,.toIOlY 

Â~r ""nl the lm~ryOl" th.y WI'" prtparld 'or 'MOmlnatfon wlth 

th. "eht mrel'Otoopt. Ou. to .ht la .... J'um.,. 0' Imbryot coll.ct.d, only CI 
, 

1'I' .... ~"hltfy. tampl. aould bt NCltron.a. Aft", a 24 hou/' "~atlon 'n 8ou'n'., 

th. DI, Dt, an. 010 .mlNyoe W'N tron.It"" to ~ al.hal lorat '.a.t on. welle 
? ,0 

ptl'" t •• In, ... dd.cf 'n ,.,.",,.. Se l'" 1 tNMYIf'II anet' lronhlf ,Nat'on. werl ev, 

0.7 A , .h~, .... ttt'''' wlth .rUch'. Ha.mttoJey"" and lOf.'" Y. Il;'. 

ttnlWy. lM both th. ",u~t.". th.',...",.uttrt. 0 .... , t .... te4 and Mn"", 
wtre ""'nttl a .... '! tht .Ix ... tatl.,., a,.. ,0iN,.,.cf, Althouthlall the,_ 

1 

WIN I,..'n., It wtI net ,...,W. to Itudy .Ibthl ~tJonal a,.. for .ah a,.. 
\ , , 

T, lvof41ar.Jht the dl", ,the 1.".lty of th. hltto1,,'.'lMtttrl.1 WGI n .. known 
; 

·It the tl"" ., ••• , .. ,"'. M't"'~ ,,,.11- vtt,. _Ioul ... et '.r the .. ,hal1a ""t. f 

~ th. IlI.,.J .v"', wlth th. Indt •• ttnnfntel CIl r+t. numÔlr 0' m't~ ptr on. 
o 

h""drt4 .,,, •• MIt .... WItt tGOfW4 ",'n, metG"'" an .... _, _ .. ,.,.., 

l, 

) -

" . j. 

~. 1 

J, 
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lM Mt tht ". ... lteII, wh 'oh can lM d''''eult to '.t"y. The orto OOVINd 

'w. bouncMd Dy a an, ~ua" OIntfmeter grld, plaCid 'n .". .y.pl,o. of th. n,ht 
1 ",1""., and .... 'n" at 1,000)( matn"'oat'on. !v.ry 'ourth lIot'on 0' th. 

otphallo ( lNo'n·) , .. ton WGt ooun .. d, and th. rneon mltotlo In.x wal ."ntd 

• 100 x the ratIo of the ",.an numbt, of ""tONI/if'" (om2) to th, Iftlln numbtr 

0' .UI/ ,r'cI (..,,~. The mtan m'tot'" 'ndf., for the n'&ll'OIoat"'''' and th. 

~.rlyl"1 "" •• "" 'Ne" .. Ioulattc.f 'eeparottly. 

7. 'rottotl.,. wlth ,lu .. 

On. ","t 01 '''lU Il,, Il to Ina" .. the Itora31 0' ,Iuo .. , 01: ~ / 

.1 y .... " , 'n tfte "VIP al ~ tria"" temal.. Tht .a ..... rn the bfood .'u~ \ 
~OMtra"an. l'IIUI .. 'n hy,..ly.",'a, •• ran.I'ory aancl"'on frOm whloh the 

an_1 "",taneOUlly fW"'fI ~ .Ix "outIlftt, the InlUlln tflltment. TM lowtrM 

,lu ... .,.ntNtfon ...... tt. IMOUftt of w"'h'ltt .,.U.bl, for "'cIown ~ 

the t,r.~I"lo'd 0,01, .. 4.'.0"'" .,.,.,.,t 'YI*" of _'.t've ph .. ,horyla'fon, 
l' 

1 

The t •• of ., ...... , Dy -""",tin, OI'bohY ..... ,. meta"" ""', .lcI Ille the aCl"v, 
. .. 

-T, Nt' th.,' Il ... ,, WI,. .. 11,_ hm .. th of thtlA IIMÎ fIN ....... 

fi C4', .,.c;, Rf,.,~ __ fil ".., •. The A ....... weN t,..~ wlth 13. 71I.U,!1c" 
y .. ~ .. ,.t 

.... ,the'A Je 111/ .... , wh' ...... rv.12 .. a '.U.A,., '-J"', The SWV ..... 

... 1_ ~.O I,U."',_ Ait WIN _MIl on Dl/'2 '" the MI fMMIr. ,.,,.,. 

/ _Cf ..... werk, '0. hM .f th. ..,U" ..... nt the ...... ,. ~,vt4 .. 
,) 
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,nt",e,Iton .. 1 'n"Cltlan .13016 ,Iua. dt .... 'vad 'n dl,tn,.d water. Tha yolum. 

_In .. ta .... waI "'cI on the '*'>' wel,ht 01 the ,"OUII. Th, '.".0' •• WIN 

IIcrr"oai on DI', .,d the 1 fu." Wlra 'JCCIm'n,d 'or rttOrptron. and molformclt'ona, 

oThe -.,.nov 0' 'Mtn"""')' w •• Gort". tha "umM, 0' 'MenOiphona ""bry. 
fIIr Itve tmbryoa, _ dont 'n the "'lIf • .,an1l wott&. 

Oluo .... ntrattorl' 'n th, bfood wera .te""r"~ §y a ".wfth 

ÂutOlMlyur mroromathod _y. 'orty ~"'o' blood ,drGW~ 'rom-~-ori'.CIIllfnUl, 

MI a .uHloWnt Cluantfty wlth wMoh to plrf."" the an.I)'''.. Th, btooi 8/uoOll I,vel 

ct .. " no. vary .Ien'''oantly amonl'""""''' of an 'nlwtd .tra'n of m'OI ( Smfth'-" 

and It""n", 19'1). The matlmol ttnotv,. 0' a" the CI ...... ttttlâ watllthtr Â/J 

Of SWV, ltoth"nbrtcf etN'"', ThI"",.; ft WOI not M.lIOry to ,,".ot m,,"y bfood 

." .. , ..,cI 10 the b/oocl 01 'our prqnant ftmal. fNffl .. oh .tro'" w. ""YI'" 
7 , 

1 

,. the ., ... tNtlanl of Ilut- 'n -the "..... l'wo.' the AI J ." .. the S'IN Ptmol .. 

,. .. 1. ,, .. ,,l'n w, .... t .. y • ...,. fA .Iv..... Th, oth" two AI J'and IVN 

_, ....... f_ on '"1""" tf ,1" ...... htu,.r th. 'nwlt" ..... tmtnt. II_ 
I _,t. WIN .. U .... two htufI lit,.,. eN Mo"'" litt, ~ '","n t ........ "!~!..~ 

, ~ , 

ln .. the III ... U ... ,,,, ,.,... .......... Mly ,""'uJ 1 the ..... II,.ttt! 
or- 1 ..' 

hn fi-. "". WIf ftIt wH 'n tht lMIn _,~ft. 
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C. Relulh 

1. tndu., .MIn.phaly, Â/J cfa",. 

IIor the Gr ..... '"yoIY'". the Â/J '.mll •• , tht ,,.qUlnol., o~ 
, 1 

tn,utln·'nduaed ._notphlly 'or the ya,IIUI d .. adm,",.t., • • r.. ~hOWftiJ~ -. 

Tél. Cl. Â 'reque"Gy of 0% W. obta'n,d at the lowllt .. In 011 the 0l'0III', 

wlth the hl,htet 'NquenCIY of l'tlpon .. vary'"' 'rom 1~ 'or the ÂKÂ 0,. to sa,. 
'or thl AlcR',+ 0I'0Il. The oaloulatecf Ifn. 0' bett trt 'or .. ~h of the ..... ,. 

thOW" ln "'u,.. Cl an~ C2. No lo",otlon. 'or alpOntan.oUl 010""..,,01 0' the 

mallormatfon WlrI "IO'.'Y. Non. of the data IIIlnti devlat.d '~tematfGllly 

'rom the ",,...fon Ifnll, ond the,.'o,. the d_ .... fM"dtnf frtq",nof .. 'or 

,",u1In-'ndulld ... n.phaly OIn DI GOr".tty .Je".... • al'""' 'unotlon. 

",. ffve fIt"ft "",..Ion tin .. .,. ,hown tOltthe, ln "tuN C3. It ClI" ....... 

thtt thete ,..,...,., Il,,., rnay ...... M .. , 1I.e., on apfMI,,"t .t.,. d'''.,."_, 
\ 1 

wlth the Il,,,, for the ÂJClf,. 1ft' ÂMCcft't or~. ( .1.,. y,IUII of ,. " .,. '.44, 

'--~~1 

. " 
- , 
~ 

<1 

" 

.. • ~ J.f' , 

..,..tlwlV) 'n .. .,.., Iftd the Un .. fer the Â K A, Aa+"CA, .... AM +/~' 

..... (,". Yli. -'.11, 3 •• , lIMf 3."') 'n the .the,. Â tilt ., ,.,.U.U", 

... fit''"''" on th.- "YI ..... .,d the .,,,m..,t "XaYlI", .. ,. . -
( 'X • 13.a2, 4' - t4) hl' .... ., the ptOItft .... _.., IrMl dld net ". l ""'"., 

.1 •• Â ttlt of ,.,.n.II,m on the ,.. .... ,." ,m .. ~ thI muttltt (Â JCRf,., ÂacC4/+) 
, , a. 

.... '"41.".t.e IMt _14. 1ft"" te, ~ .f.,. (X 110:061, 
-:f ~, 

1 

fil -1,,.). Â """"" ". _~ .... '",4 ,., the ,..,.r. If .... If tfW 

\ 
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C*" .1" 
13.75 
11.10 
10.00 
',SO 
6.25 

V!é! ,r,. 
13.75 
lœ.5O 
10.00 
1.50 
6.25 

R'e·'" 
12 •• 
10.00 
7.50 
6,U 
5.00 . 

~t!! .r" 
13.7' 
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10.00 
'.10 
6.21 t/ 
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'0.00 
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TAILI Cl 

"'ulln ........ ,..., ... to, AI J daIM 

no. 0' 
Ifttt,. 
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14 
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14 
14 
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13 

21 
14 
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14 
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• A/J'l Il Cd/+ t! 
o A/J~ Il +/+C~I 

1 

, l, 

1.0 ,., 10.0 

INIULIN DOII; 'fU/kl (tOI Icat.) 
12.5 

",.".'''ttlv ftt. ,,,.ttt ....... ,.., ... ff 'nlUtI"-'""''' 
._ .... t~ ,., tht Â ,. CJI+ en", A " +1+C4, ...... 
AI ... , , ... e. 01 ''',.l\H~ 

11,0 

• 

, 

.. 1 
'1 
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• A/J ~ Il Rf/+ cl 
C A/J ~ )( +/+1' rJ 
A A/Ji)( A/J cf 

1 I, Il 

1.0 

~ . 
l 

J 
1 

,r' 

7.5 10.0 
INIULIN DOSI; I.U./ICI (101 Ical.) :" 

fn .... _tf~ ~tttcf ".."t ... .....,.,.. of In.ullft·lnduoetl 
~ for the ÂX A'I+, ~ le +/""', anel Â ,. f-. ...... 9 , 

'\ An.' ,..t'GI" 011,,,"1. 

1 \ 

1 



1 il 
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'IRtl • Il 1 1 JI 
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l 

•• 
""" CI. 1 
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nonmutant ( Â )( A, Â le +/+Rf, Â)( +/+Cd ) cros ... oga'n d.t.rmln.d bya tee. 0' 
.t. 

parall.lI.m ('j:. .. 2.296, df • 2; n.). Th. common .I.ope volue for th. 

,..gr ... lonl of th. mutant crou •• WQI 5.261, and 3.324 for thol. of, th. nonmutant 

crou... A .ummary of th. common and rnd~ptnd.nt'y fttt.d .Iop •• for th ... problt 

,..g"'.IIo". 1. found ln Tabl. C2, Clnd th. tilt. of parall.U.m Clrt ... n ln Tabl. C3. 

Th. probl. rtgrtnJon lin •• for rn,u"n .. lndu~.d .x.nc.phaly ln th. 

A!J croll •• Indlcat.d an Jnt.rac:tro~. Sign lfIeant .Iop. dm .... ne •• w.re dtt.eted 

bttw •• n th. mutant and nonmutClnt crOl''', wlth CI c:ommon Ilopt fht.d to th. 

rtgrtulon 1 ln •• wlth ln .och 0' ~h ••• Iwo group •• 

Th. eo,O" w .... calcuIClt.d, Clnd art al.o .hown ln Tabl. C2. At 

aU th. lIn •• a,.. ,-jot parall.l, th. EDSO'I cCln be compared only wJthln th"ubgroupt, 

" whlch do ftt Q common .Iope. TM A)( Rf/+ crOi' IMhfbfted an EDSO of 10.72" I.U.AII, 

mole'ng It more ~.".ltfy. to trtCltm.nt thon th, Â )( Cd/+ crou ( EDSO • 1 ..... 97). 
1 

Amono the nonmutont Cl'Ollll A le +/-tA', w'th on EDSO 0'18.733 f. U./1cg, oppeared 

mo,.. .u.ct,tlbl. to In.utln . thon" .rther A)C Â ( e0!O • 25.145 ) or Â)C +/+Cd 

( 1D5O • 25.882 ). The dlff.rtnoe. 'Ntrt .malt, how.v.r, .uggtttlng a "mflar ' 
1 

...,.tttvlty ta tNCItmtnt. 

2. ~du.d .JCtn.phaIYI SWV dama 
J' 

, Por iM ~ ualn; S"IN "mol .. the doeage-cl.ptnd.nt 'reque"O"~ 
\ ' 

far llIIUloln:lndU...t ~ .. ~ ... "'-' ln T.III. CI. Althauth ~ r..ct-oy 

\ 
\ 

\ 

1 
1 

1 
, f 
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AxC44 

ktf/+Gt 

AxII/+ 

Ax-(If 

AxA 

SWVxC44 

SWVx-t/P 

SWVx." 

SWVx~1' 

SWYxSWV' 

o 
4, "rtP'= Nt " 

COI ... su ..... 10 pariai"'''' 
y ..... c... .... 

- 1.139 

0.311 

-0.8 

0.7:JT 

0;319 

-2.650 

0.182 

- 2.341 

0.237 

0.511 

5. al 

3.324 

5.251 

3.324 

3.324 

5.122 

2.7. 

5.122 

2.11/1 

2.769 

-
"'- ~"o'"" ~~t· 

TAUC2 • 1 

c 

_1 fl.1 III!: ftIt.I 

Y i.13. CI" .... !:s. E. (~) o fSR ... I:W' ..... 
-. 

-1.319 ( , 5 ...... 0.l56 l''.~ I2.MI .. 17.6ZI " ~ 

0.359 3.314:!:. O~ ... 25.112 •. 416,. B.S 

-0.326 5.1" + •• 095' JO. TM , '._ .. 11._ .-

~ 
•• 733 15.._ .. 32._ 0.6D 3 ..... +0.254 , 

" 
0.518 3.129 -+o.5t6 25 .. 1. 16..1.0 .. 51._ -

- 3.153 5.G'5+0.154 3O.ta __ ... 3l..725 

O." 2.815 + 0.274 ~ .......... 121 

-2._ ~.891 -+ 0.162 21 .. 141 27.a ...... 

0.0f6 2.1N9+0.DI 51~237 ........ '" 
O." 2.610" 0.164 42.821 11.W,,«,-- -

,0 

, . 

• \ 
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wtI n.~, o_'Nd, the ""on ...... aMn dfcl yJe'd tow hquenal... The 

ran" exttnded QI Ma" (1 a~,., 'or the S'IN Je Rf/. Gr'OII, whU. ~r th, other 

c ..... ~he hfghett 'requeno' .. we,. , ••• ,., wrth .h, Â/J c .... , ft wc. d.moult 

to obtaln very hfgh fNqutnc' .. ( > 8Ot6 ) , l'nce Incr .. 'n' .... draat'cally 

'ncreoMd the. F*'oportron 0' femal"lUccumb'ne to th. I.tha'."'." 0' the 
) 

Inlulfn treatm.nt. Though the SNV 'Ne'" not qu'te ae .utOeptlbf. Il the A/J 

_1. to mortàl'ty 'rom treatment, the rat •• III approachtd 5O-Mt ot thl h10helt 
, . 

dole arven ( ~.O I.U.t1ca l. In the A/J ftmales thJ hl., .. t" ... ~d 
(13.75 f.UJ~I) knt.~ a~ 65"~ 0' the "mal .. treat.d., ft .hould be notld 

/--
, . 

tpot, whll. the 'flquerO'" at thl hlghett dcu "ven .w.~ th. hfgh .. t on. oovld 
1 

~bly ~rn, prob't o"alyil. WOM' bett when the ,....", .. ',..qu.nc' .. art 
1 • ' , . 

evenly dlatrfbuted atOUnd the mldpo'nt ( m). The l' ... nduolof'Um'ta for 

the .lculaNd 1D5OI, lot bath the A/J ,nd fIN 0,. ... 'utthe, ,.fI.ot the 
1 .-. . 

violot ... of th" -fan. _ ~t, ~'thouth ~ of th. condl"on •. 0' the 

... 1)411 WII not """y met,. \II' •• va"'." _"tl.,. of the .ta poln" ~_ 

n,.,I.y ooourrecl, ....... W. enOUlh n •• rbfUty ln the ~I,.II te worNftt ftt _.\ 

_ hII _ 1"1 .... ".y'ouaIy ( .. ctton-1,3 ) thlt the ,.. ... hquencr. ore ' 

< wefthtM 'n ".,..,.f'" te the ..,1 ..... Of thet ...... av. TheM,.,., to 0Ytt'~ 
q 

the ~>I",rtatfon ".' ..... ow"' ....... y .... , ' ..... n ..... if.""a.,y. WIN .. n •• tM 

It In""_ W!'Y 'OW (" .. ) fil very hl'" ( ~ ~ ) "'.,.ncr., 
" 

NItII_ .. litt to .... ..,.tMI)' ~f_. ' 
1 

.. .. 
J 

., v .. ! 

. . .:.. 
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Th, aotaulattcl prob1t ",rtI,lon lin .. for th ..... whh th, 

S'IN f.mal, .. art .hown Il' "Iure. C~ and c,. Corrtctfon 'or a .pentanfOut 

,,.qUlney wc. not ".,d.d and ')I ••• ,.t" cI,vlat''''' 'rom """,'t)l 'Ne" not 

,.t,at.cI, Th, "v, l't, ..... lon rr" .. art Ihown .opth" '" Pf,,,,. C6. AlOln the 
f..'I 1 

l't ...... ,on "n'I far th, mutant orouli ( SWV Je Cd/+ and SWV .le Rf/+) ... !Md to 

hav. a d"",,"t .Iopl than th ... 'or th, nonmuta"t trop .. ( SWV )( +I+ed 
1 

SWV M +/+Rf, and SWV M SWV ). Â ... t 0' parai 1., 'am on th, "v, "n .. 

'nciIOlt.cI tha.' It Wai not ,....Jbt. t. nt th • ." to a o,,"mon ". ( -1.21.9" , 
41'.4). Th. re,_'''' lIn .. of th. mutant .,..... d'd 'ft a .Im,,*, .Iope ., 

, 1 

a.122 ( X,.. 0.411', fil • 1, n. ), ",cf th ... f th. nonmuta"t ...... W'N rftttd 

'0. tom",," .Iope 0' 2,'1;9 ( :t!- "0.1., df. 2, n.). Th. "",mon Ind 

"'.jIIndtft"y ".tItI.,., Incl tht .... ,.~ ttt~ 0' ".,.".,,.,,. f., th .... ,..... 

''','-'cI 'n T.W,. C2 "'"' a. 
" .. ÂII'''' .. '"ft,.,.,.., w .. 'm" Ilti ''''" the "on,,,.,,.I""_ ,. 

the _..,.,... ~ el ',*,rr"~r"~u" '''''''''''y, ".. ".,. "._,~ 
"MI ,.,,, muteftt ...... IIttt4 ... ,"",," ". "". WII.r .. ,,,..,.,, d',.. ... 

""". tht ...... t.,. ,., Ïht ,.,.~lt ,. .... '." If" .. ,., th. ""'",,~,t ....... 
\ 

.. tht U"... net.It , .... fM .. """ th.ID50" ml)' Itt ""'IMrt4 Iftly 
. "'""' w'thf" 'lith el th. M' lU..,.. The IWV ,. Rf/+ .... ".cI 1ft IDJo,of ,21.141 

,I.~,,,,, tM ID.," the .WV Je Cd/+-.,..w ... 30,~, Am"" tht ""","'''''. 

.... , th." IDIO'" "ri 42.121 (IWV" IWV ) /.'1 J.' ( 'WV N +/~' ), .. 4 

d, 

'. ' 

~ 

'. 
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• : fi' , ' ... j ~ _. " • j ... r/'" [' .< - • ~ J' 1.0\.' ... ' 
1.' \ A li:: ri', " ',~'_ 1.1.. ., _.' ; ~ ~l " :,' , " ,. i 11 , ,# , , ' , ,'. ',"" ç:.,., • J ' 

1 1 F 

,~":"iJ<,~.!' .f''Ij;'~, _r_. ~ J.lq~t .. ., 
, , " '('," ' ", .",f. 1.', '. 

l' , • ~ "'1 .. ," 'p~Ïi'. '1, -~.,.-, -~"IO"""'F ne 
d41' \ .... J "l' __ ~''' ...: ... "'-. 

\ 

a .• ' ( SWV M+I+Cd
). At','"'''"''' '" th, 1010 y,''''' whh'" .. th IN'" 

W'N Mt.JI, Ifttl the t ... "tlu.f.llfMltt ....... the ,.1 f,bUlty 01 th • 

.. tl",,"", It Mn onl~ il ... ..., th.t the ,.I.tly ....... 'yhl .. WI" .,." .'m"er " 

Ier.H.hI ..... wltMn .. '" l''utI. 

3. ÂM,~r • ., the ''''l'Ie4 •• 1.".,. 
J 

The ... 1Nyoe ,""" .... IWV.,.... w.rt .. fI,.~ tJt CU. N 
,r 

.11. ,. ""'''''_ .'1'1"" el the ... "IN .. t •• .". wlth ."11'" ,.. S • 

...... In, el "" ..... , ... "_ •• 1 • ...,. el the IMWy. Ir,", the AI J '"",1 .. ( .t ...... 1)14'...., .... """' .... ful. It htt bien mtntf.,t4 .. ,If" 
( .... ,.,. Â.3 ) ..... _.,.. hete_y .... 10, .... mut"". "1'1" Cd 01 '" wU, 

1 

'.'lf ..... , Ir ,t,- tntMIn .. , ,. ... tl~.ly, ,,,rth,,,,,,,, It w. knlW" thet 

" .. ,1ft .... ,... ,1111 ln m'. (Sm'th.,. ""' ~"".r, "61). 'n the.,..., 

el __ ........ hItertl)'ltUi M". w." .~t,,1IItd to '"1IN4 fa""t. te 

.~ .... ·,.tW. "' ...... ,'" ., •• .,,, • ..". ... ,"tI , ",.t",n '1'1 ,IW-U''''' • 
, ' " "'"'!IY" the hMII,... MUttnt .tIt •• L'H." .. U., .. "." the mu •• 

.... wfll "".ht ., .,.. "' ...... )fIN 1ft" .". wn .. ~ "".,.. 'f .... ,. ft 
1 

t.1It .. Iftte ... t"" .~ the ..... .,tiI the NNt"", ... w",l; .... t .. ~ 

" the ........ U • .... rwv. lM the fftVfWtt .,....., te .1 .. "If)' the IIMItInt .... , 

MtiI the",.,. ""'''' • w ..... , Ir ,,~ ,.'IMtetI.. AI titi fntul '" .NNlfMtftt ,.., 

".,., ... " ... ""."YI thtr. w1tl .... ", .. t -l'Y,,,, .. ~ 
/ 

'ft 

" , 

l, , ' 

, , 
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th.t '" not 'N.""pha"O. AII,O' ,f"OI th. trl.tm.nt d'" '"du •• xtnOlphclly 

fn th. "onmutant ...... , the,. wIll • • Nlnatphallo tmbryOl th., a,. 'rit 
01 ,fb or vert.b,,1 m.lhn •• ,on.. ev,,. 1 1 1 how,vlr th." .nould Dt • ,,,.ter 
,,.rtl., of .Ntn"jIhoU .. wl~h •• 1 ... , mal'orma"", '" th. mu.a"t , ..... rf 

1 

one f, to ,..tul ••• l ",.tron,M, ilttwten If"' ond''''' .... ", 
~ \ 

Thi cont,.1 Ih"" w.,. 'Nam'"'. 'or 1Ic".t.1 .lIno_lItl •• 

The "",,'fI.M IIfIIInMd 'n T.III. ca. N .... If.'. W'N .t .. ttcI 'n the 

....wy. "om the nonmutant .,..... 30 .. '" ( 23/15) of th. ""bryll fNm 'hl 

IWV N C4/+ ...... hacI mali ....... v.rttlne. Thttt vlrl" 'rtm _II •• 'lM" .r 
ml.rnl oen.NI, .ni 01,,"" '" ..... 1""'.0'" an" Il.' ""on. of th. 

verte"'''''''''"' 3'.'" ( 29/11 ) of the .m_Y" 'rom the IWV " .f,4' o_ 
f 

.Mhlll' .. ; ",'.In, or futtd ,1.. N. othlr ma"""""'" W'N " .... In t_ 
er ... , an; .... IM"II'IM.fon ... n ....... _"'vtt 'n the """ lM""". 
wlfh'" the mu"". '" .... .., """"" S'"""" wfÙld hlyt .,, __ .tI; ~ of "'

,,"~ .. "",,'.th .f the.. mut." ......... t. ,..... ••• I,tli m.'At,,.,,..'''''' the 

1 ... , INtI .. or" ."nld HUld.;UI to ,"_,1." •• p .... fon of the Il'''', 
1 ' 

'ftheu;t .he ,.t",.,.1 of th, ,tI'" t. ,'w,'." ,.I,tli .ffU'.UN mut •• r .. III 

~UIIt'",'" 
/' 

'N~JC. ~'D" ""~. ';,m ,h4I .... ,..." .... uty w.N _mm,. 
/. ;; ~ J 

1er •• I,tli "",f.",.."."" The ... ultt '" ... " '" T.', C6, V,rt.ln' """tnM""" 
.. , ••• Il _" l ,,,,,,,f.,,,,.., ,.".; or ",r.,.., .... , .,; Mu.' ""h., w." 

, 

,fH11t4 ."y 'ft ,,"Wy. 'M the .WV IC, C4/+ •• , ,. el ""_In, ".·Wf,. ..." 
• J 

,\ 

• su 

"3. 
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TAILI CoS 

0 ' ..... "'".y 0' Ylrte,,",'41"_ r'" mo'''''''.'"", CIm"", D1I ~trol.m~1 SWV .m, 

total Uv. no. emllryOl w'th 
OfOl' .... 1Myoe .,., ...... 1 matro"" •• '"",'~) 

SWV Je C:~ " U C 30.7) 

SWv.+/ç.· " .. 

IWV,. Rf'" .1 .. 

Q IWV Je rtlJf 18 -
IWV. SWV 14 .. 

, _1f,'UIM, ..... """"y "II'., .... ml."" _ ... 
2 fwH ... m'_"', ri. 

r 

/ 

.,' , ; 

no. tm""yOl l'th ,lb 
mal'o"",t'on. ('4) 

• 

• 

29 (3'.' ) 

.. 

• 

\ 
1 

lU 

, . 
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1 

() a 

'n afl "y •• ,..., wlth III much hl,h.r ' ... quenoy 'n the SWV K R',4 or .... 

The ratIo 0' .~notphano/no""ClI .mbryot w Ithout th •• peo"'. ma 1 format 'on 

WOI aompaNd to th. rat'o 0' 'M.nCllpha' 'a/normal .mbryOl wlth the ,ktf.tal 

ma 1 formaf Ion 'or "ah CrON ta dtt.rmln. 1, a prlflO"dtran", 0' IJCIt,cephaUOI 
l, 

wlth rllt or vert.bral allnOPMCIllt'" "cflt.d. Two-way tabl .. w.rt conltruattd 

."d aMl)'l,d by CI 'Xtl.ttlt 0' fn.pend.nce or by CI two-taU,cI "lher'. 'Moot 
" ~ 

t .. t-( SoIeal and Roh If , pp •• 5). Ont)' th. SWV)( CcVt Cl'Oll (:X • '5.66, 
, "...'-'-, 

41 • 1 ) .. d Il,, S'N'I • Rl/t _ (X • 67.50. dt. ~ ) yl.ldod ~III_IY 

hfeher f..ctutnay of malfonnatlonl,amon, the .x.ne.phal!" .mbryat Th.SWV 

Je CcII+ ... n.phalfo .m~ had a,~reh '"",utftoy ( 61. ~ ) of Imall, mlllAl l ' 

fwM ... inormally ehoptd CIntra, and the SWV Je R',. .K.n.ph.llo .mbryol 
Il 

, 

• hl. 'l'Iq,*,oy ( 63. '" ) of 'uNd and ,"' .. 'n, rlbl, Ov.".II, ln .the SWV M 

, c.v+ .... 29.'" ( 99/338 ) of the tmbry. hod v.rttlwallMlformatfon. , a 
, . 

", 
1ft.,..,')' whloh dlcl ntt d'''' ,I.",t.,tly 'roM thot 'ound ln the con"O' ,mbtyoe 

, ','f. 

( ':-.0.0" , d'· 1). Tt.. SWV K M".. 0I'0Il hod 36.'" ( 121/3U) of th. ~ '. ~. 

/, (J. 

Mt"'~ _Mit'.'"' r'" mal'omtotIOn., aga," 1 a ' ... quenoy Ft" ","r'faa~t'y .. 
dl". ... t 'rom thet 111ft 1n the cont .. 1 t , ... " ( "X • O. 061, df • 1 ). 

'. 
U • .,. ( ,,~ ) of ail the 'm ... ntO .. tI' 'rem the SWV 'A +;..'d 

l ' ' , 1 

or. WI,. •• n.phal 'a. ,., the IWV ,. +111 .... , th. oYiNl1 ''',,_Gy ., 
1 . 

• _ .... ,~ wae II.A ( "/312 ). It _ the,.,.,. tanI'''''' thet a ..... 'n 
!r\' 

".,.rt'''' 01 th, ..... ..,.". hm the mutant ...... w." '0' t~ wlld-fyp' 

t~1 
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1 1 

~ j 
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o 

" . 

Itnotypt. Th, 're'1"",al .. 'rom the n,"mutant a"... W'N Uled Il th, tM 

ptl'Otnta .. 0' wlld-typé'I(,nCtphatrGl pre .. nt ln th. mut.,t '1'ClIIa. Th, 

tlatt 0' 'ndepen.nCl WIN lu"quentl y recol culat.d 'or th. mutan ~ cr Olle. , 

thl, Hm. adl Ult 'ni, the value for th. ,numM" 0' .Mtnuphall. wlthout an . , 

OIIMlat" malformation hy lubtraotlng the .. plroentagi.. Por ,.mpl., 'n 

the MO lIIINGy tobl. fof the SWV 1( Cd,40 0I'0Il, the ","ber 0' normal ""btyOl 
\ 

wltftout YI .... bral malfo".tlona l'tma'' the lame at 202 ( 2t42·4Q ), but th. " 
, 1 

1 

numMr 0' ..,otphollca wlthout v.rtebral ma'formatfon., pNvfOUl'Y 37 ( 96-." J, 

MW MClom .. 31 ( • 159 le 31 = '). 'or th, SWVtl.,/t- 0"'* the corrtotlon 
t, • 

Inyolved lubtraCltfng' ( . 115 1( t49 ) 'rom th, t49 ( 135 • 86) ... nalpha". 
, ~ 

thl ... let not "... rlb anOlftClU... Por the SWV le Cd/+ 0I'0Il th. new X value 
&. w. ~.14 (df -, ), .... fer th. swv 1( Rf'" 0.... X .. equal to n." 

" 
( fil - 1 ), both ht.,,)' ar","_ ... the ft pro"'''1t)' I.YlI. 

, ln ..w'tton to the fiN .. Af/+ 0,... 1 rlb molforme.''''' WI,. ... ,MeI 

at • low ~ .. a)' ( <. .) In.n tM othe, Of...... Althouth nont" of the oontfOl . ~ , 

litt.. •• 'brted 'r'" '-; ... 1,.., aM 'nlUlln .'n'.tret'on haI_n .. ola"" wlth 
\ 

the 'ft""'" of "., ",.''',.t'"" twe-ttU ... "lhetl, •• at tettl In"'ClClttd that 

the """"01 .. of .",. OOlU""''' M,. net "an'fl •• ly d"""nt hm th. control 

v.IUII. 

) 

1 

l' '. 
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Th,refoN the _mlnatlon of th, •• I.tal.tI'ûClturI of the 
" , 

t ........ ",lDryot fnd'oa~ thot a .,.,Iffaantly h'aher "",,,,"ay of ..noephattc -

.,1Iryea ln the mu"'. ortIMl , ..... d rf., 1n4 VI",~I molfetmatfon., the 

..,..ran of the mu.."t ..,.... 

4. " ••• .,..Ian .ta, AI J .... 

lM fNqutftol.,tf ....,.Ian ... the verfoue'" 0' 'NUlln . 

.. ''' ..... cI te the A Crtllll weil alto flttecl te .... r.ht ,,_ '" preIt .. anat~I •• 

h ....... ,. "",.'an "nlll w'th the'" pornte'" the n'If , ...... , .,.._n 
ln P'"", c,.; The ~oy ~ l'IIOfpt'IM, talc",. th. "umber o,· .. ..,tFl· 

. 1* tekll,J~,,: et '"1''-'"'' ft "'- ,., the Il';' ....... ,. TaW. Cl. 

To "'1'\' J '",,,,1 '".ln __ ........,a' .. lot ,.."tloft, "*' valutl ... 
\ 

."..ahMI by ,,",0Ya1 of,... .. ......,. ~.r ( P'nney, .'''' ,.. 12.) l 

.,.,. t~ IMtt fltth. If"".fI .'-'" •• The .,., ...... rtIOI'Itt' • 

), 

.,..,.,.r. for the ....... "" .~,,. hn ....... tret trHM oon •• tM, aM 

.. Mn 'n T.1I1. C7. 

The _'In-IM_ ...,., .......... 11\ 'INI,. '"" 1ft p ..... ÇI, 

ClIn' ... ttntcttfvtlr euWtvl4M, .... 1ft .1 ... ,,,"" .. , 'ftte the mu .... ancl 

MMlutet.-. The .... /., ,.,..,,., ..... ,.tH lM. ,II "YI".a.tt rw-'CIfII 
l 'a. ' 

lIMe ...,hI net III ...... te ....... u,.,. ( ~ ••. 1 ~6 , dt • 4 ), but thet th. 
\ 

...... .,14. 1M ""'t ..". fi the Il,""t ....... ( Â Je .Af" an4 Â JC Cd/+ ), 

tfttei ••••• .,.< el SI'" ( ,r- • O.", M. Il ... ), wh", thoN ., the 

. . 

1 
.... 

• t 
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i 0 
TA8lEC,7 

1 sponfOMout ,....,tlon data; AI J and ~ dams 

no. of total no. of " ~ Iftfwl fmplCllb l'IIOI'ptlons .. rIsorpt fans j 

1. A{J'" 

A x Cd/..+ 10 62 11 17.4 
.Ax l:t.d 10 60 7 11.7 
A x Rf/.+ 10 60 6 10.0 
A x+,Rf 10 63 9 14.3 
AxÂ 10 59 13 22.0 

2. SNV .... 

SWVx~ 10 85 10 11.8 

" SWVx+/~ 10 90 11 12.0 

swvx:X; 10 90 9 10.0 
5WVx 10 93 8 8.6 
$WVxSWV 10 91 7 7.7 

.. ' 

1 
, 1 .. 

. \., 
... 

. -" / 
, . 

, J' J 

_ ; -i '~ ... • l ~ 

l t-;~i:l'~r~: ... .!;o:' ,\, t. t~,.~" , • , 



• 

o 

• 

nonmutant cr-.. (A x A, A x +/-tRf , and A x +/+Cd~) nthld a ccmmaft Ilope 
.l, , 

of 3.866 ( X • O. 799.., df· 2; na ). The cornMon and fndlpenclently Rtted 

Ilopes of ...... If .. , and thefr cormpond'ng tests of poIGn.n_ a ... found ln 

. Tables CS and C9. 

The EDsel1 wlthln each group tndlc:oted only IIROII dlfferencel 

ln NOCtlvlty. The A x Rf/+ c:ra., wlth Cft ED50 of 11.164 I.U.j\g WGllltghtly 

men .nsftfw tMn the A x Cd/+ cr., whoIe ED50 waa 14 • .t62. In the n~mutant 

craII the malt __ ftlw en. WQI A x +/+Cd ( 18.872 I.u.,,\g), followed by 

A x +/+Rf (20.246"I.U.t1cg), and A)( A (23.604 I.u.,ltcg). Aga'n, clue tG 

the IlopeodtW.,..ces, EOSOla c:annot be compared between the mutant and 

nonmutant crc.s. The ICI11J' nduclal Ilmt" aga'n ref1.ctec! lM lade of data 

~ ~ the 5O'Wt ,... ... polnt, CI sfNatron that WQI made WOM QI the 

IpCIfttaneoua ~c:r. were ......owd fratn th. obeerwd frequencf., Iowa ..... 

the wtJu. for the .,.., rtIIIpOI'IIe. 

nu, the .'.",cet ...... ln .1ope val. .. betwetn the mutaftt 

and ~t a-. IMf"'" CIft ~fen, wlth the embryoa fram the mutant 

....... rwct .. wfth the .... te. ..... by a .... hm unique fram that 01 the 

5. • ... ..,.Ian clip, WIV .. 
'\ \ 

'lM n ......................... ~.tht ..... .... 

.' 
\ 

l 

. 
j 

, ' , 

,. 
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TAllE ca 

EDso" ~ c:ommon & .... pe ... ntly "tfec"'opes ~ prob't ,... .. """ for InIufIn-JnduO.d ...... ptJcw.'" A!J alMfsWY'. ,-,11. 
oonstrahtcl to P'!"I".'hm In.p!t~!y "tt.d 
Y "'fercept. slope Y lntercept - .... + S.E. -CI'OII 

" A K CcI/+ -1.~ 5.-725 - 1.807 5.867 +0;098 
.,,; 

A K+A-~d - 0.072 3.866 - 0.1JII1 .4. -466 + O. 1ft 
• 

A K Rf,4 - 0.995 5.725 "'/).929 5.657 + 0 .. 145 

Rf A'x -+!. - 0.032 3.866 0.23.4 3.801 +0.247 -
AKA - 0.013 3.866 O._ 3.219 +0.1'--

\ 
SWV x Cc4I+ 0.52.4 2.621 O.~ 2.605 + 0 .. 196 

• -, 
SWV x+/.f4 0.118 2.621 0.124 2.616 + 0.3" 

~ 

SWV X Rf/+ Q • .c.44 2.621 0.341 2.692 + 0.194 -
SWVx-tl+'tf '" 

, 
0.213 2.621 --,0.236 2.930 + 0.252 -

SWVx SWV 0.352 2.621 . 0.132 2.356 +0.262 -",. , ' 

",1 
1 correchld for' ......... fNqueitcy 

':'1 

o 

E'?50 
(I.U./ttttl . 
1.4.4162 

18.812 

Il.1'' 

20.Z46 

D:t104 

51.1:11 

63.0333 

53.'" 
61.1" 

64.132 

. ... ", ___ r.,~.i~'''' ;>f.'''''''''f •• .,....;;(!;.';\,~., __ "".,..l2l"~~--J. _~ .1I.5 ...... 1~,~~b,~~.~, .. ~,<~,F5~;~~~,~!~~~:zz.~~t~L~~'&b~ .. ~ç=~!i~,4CLZ&III1E%MII~~·~~;mu~~~!~,~aœ= .... --~--------

• .. ffcJwc:W ...... 

9.%1110 •• " 

7._.26." 
9.312.., 17._ ' 

n.lff.32 • ., 

--n.41'I .. " ... 

1 ~ 

G .. M6 .... i8: "l ~~~.: : 
46 .. '0 .. )\1 ... " ~ . 

...... , .. 12 .. . 
, ~ - " 

_. ";'f._~0I •. ";~ 
-,J ~ ~' .. ....... : •.• 

• 
""e 

~ '>~ ".ft"" ~~, ~,~"~ 
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ena.,. 1 

l·NJ ... 
A/Jt~ 

<> ........ t 
<-

A/JI ..... " 
1 

/ 

fJ,-·_tt 
1 

2. SWV ... 

SW'I, ..... t 
_:.1' \ ... _ nu ••• t 

- , 

- \ 

-,1 .• 

,. 

~~~:-:~_·t:~~: r 
....,~-~ ": • ç .. _"'~~~~_1 "F, 

__ ~!~~~:~~':~~~l-c~>:_; ~:<., 

TAlLE Ct 

r .... of Paron.u_; ,..""fan càta 
- , 

IOUI'QI 

~ 

...... ~I-c"''-''J •• ne~ toM . 

..... ..... 
' . ........ f., ..... 

c:!t .... 
ail'"'''' 

, .... 

J 

r 

, , 

~ 
14 l' , 
6 
7 

2 

• 10 

.. 
15 

" 

Il 

55 

•. 1"" 
4.'" 

32 •• 7 .... 

0.035 
2.157 
2.192 

O.'" 
2.521 
3.320 

0.719 
5.555 
6.274 

.. ~, -
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calculated by ,.mov'''' the spcntoneeu. frequenc t .. , ... nnlned from the control 
" 

Utta ... and shown in Table C7. The fmulfn-Induced resorptrcn freq,*,c'. w.re 
t" 

subeequently fttted to probJt regreuian 1 ines, shown in Flgu ... C9. No sys .. ~tfc 
\ 

devlatlons from lfn~ity were indlcated. In .F1gure Cl0 the ft.,. probt. regreafbn 

lines ore SHn tOfltMr, and a test of carafl.nsrn f1tted the f1ve Iln .. to a eommon 

~ -
"ope of 2.621 ( :.: :1(6.274, df -19; ns), verffyfng the app .... anC8 of paralleUsm. 

As no fnteracHon ~ fndlc:ated, the EDSO's for the nYlt CTOIMI coufd bit compared 

for thelr ,.Iative reactivrtfes to th~ treatment. ~ EDSO value of 51.2371.U JIc; 

mact. the SWV x CJJI crea the rnœt ...,.It"'-, followed bv SWV x Rf" ( 53.798), 

SWV x+tJ.f ( 61. 195 ) , SWV x +/+Cd ( 63.033 ), and SIN x SWV ( 64.832), 

J" , , 

the mOlt,,..tstant of the c:roaes. HOW't~, the dtffeNnces amang th. values w .... :. 
. ~ 

tmQlf, fndteutfng a simJfar sensltfvfty ta tNahMnt. The le. ffducfal 1 Tmlts 
, 

,/ 

... flected the lnobnfty of the frequtnCV range to .xtend abGYe the 501{,' point. 

6. Cammon si .. : A ccmparlscn of.t+te calcufated prob't ~Icnt 

From the tilt cf commolt CI1d lncMpendtnt1y fltted s'opes for the 

hutln-1nducM ~Iy ft NMII'ptfon prcI»lt CUMII It became cf "' ...... t to . 

.... 1rI. wh1ch ......... cf CUIWI couId Ile ft .... tG a CGI1ImOft slope. Compcl'lICft 

....... onIy ... O cr.... w!Jl' the ... "'e genot)'pe 1 thot ft, the ,....fan 

If ... ,. Il cre. wlth .. swv ,.... .. n.v. .. Nd for paralWIn wlth the 
, \ 

..... Ioft 1_ for 0 a.- wlth en A/J..... Of".,.. ..... __ .,n ....... 
• 
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• SWV~ x Cd/+& 
o S\W,~ @x +/+Cd(J 

A SWV~ x SWV ri 
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1- $WY-Cd/+ 
2-$WV • .,. 
3 ... SWV JI $WV, 

,.~$WY""" 
'5-SWV - ~~{,. 

-, 

~~j~~~J~ 
l
, ~L "è.j./I>' 
.\ ~ .. ~~'-~ 

<, 

\ 

.. " 

,\ 
\ 

" 
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true ,on 1 y (Mtr the ",ven range of do.s. At ment' ..... prev'ously ( .ct'on 8.3 ), 
• 1 

extrapolat;CftI of the ptOI»it curws CIIIU~ that the bndltfon of Unearby prevaUt 

beyond the "Ivera cIO. range. As ft could bit pœatble for a nonltMar situation 

,ta ar'- CMtr a d'flerent .t af'~ ex~lat'ons aN an rval rd proceduN, 

vlolCltfno'one Of the basle ClllUmptrant of the analysls. 'TheNfor., CIl the cre.u. 

fnvolvlng the AlJ femal. we .. tnlClted (MIr a dffferent dOM range than that of the 

swv QClIIII, ony analysft for parallelhm 'Ma IWtrfcted to withfn each of the two 

grOupa of CI,..,: The tests of pllranelftm·cn thown ln Tabl. Cl0 ,anc( aN 

--rz.t œ foI'ows; 

l. c.....wr"'·'J .... ~ , ry., 

CM Il " and the ...... tan lm. for tft. ..."tton data of the mutant aCIni we .. 
r' . ~ 

fttMcl Jo CI COIJIMaft if. ( :r, • O.s.i6, dl. 3; ns). on. ....... 'an If .... for the 
, 

, ~ ... ~ and ~ran dola .. 0110 ntted Jo a ccimmon slope 
4 ' 

( X,· 10.639 , tJf • ~ na}, that MIl .J",lf1cantlv d''''''''t m.n that far the 

..utant Gnll 11;. lndl .... .., the fnabnlty to ftt 011 the ~ptron CI'Id cIaIe-
. ~ ,.IP_'" Jo ... ....., ... (:k • ~.905 dl· 9). 

2. c,.,. wfth swv .... 

...... ... _'on li ... for th.""';""'an and __ ~_,dato 01 the 
\ 1 i. .. 

, ~ .".t and ~ CI~I." c:oul6 not .. ftHedl tG CI common .fape (X • <41).6111 , 

• 
, ,,"1 

".'). .. ..... ron lm. for the ""tlan data of tt. ....,.t and nonmukl\t 

" 

'" 

é • 
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TAllE CIO 

... .. of parall.''''''; analys. of the ca'culotad caelll1lCll'l Ilapes far the fnducIKI 

..... capholy ( ........... ) and morptfClla data. 

ero. 

1. NJ dams 

mutant and nornutant 
A/J, ............ ta, 
lIlub'tt and nonmutant 
AlJ ...,,~ dota 

mutar,t AlJ .......... 
data, 
mutant AI J ,..""Ion 
data 

ncnnutant AI J ca.
........ ta, 
ncnmutant AlJ NIOIpflcn 
delta 

2. SWV" ,. 

",*,t and nanmvtant 
SVNct.."" ....... , 
""*-'t aM nortMUtcMt 
SWV .... tan ... 

penllel_ 
.......... 'tty 
totol 

pen 1 leU_ 
..... .,.lty 
total 

,..II.U. 
.......... fty 
total 

.... 1.1-

...... tty 
total 

nGnIIIVtant SVN _"1 .......... , .. . 
_, ............... uLclGftt ........ '" 
.. arptron... toM' 
... swv , ... ' ... , ..... 
(' .... 0)' 

·pi .. Of 

l" • 

1 

df 

9 

• 31 

·3 
12 
15 

, 
5 

16 
21 

9 
30 
39 

7 
24 
31 

1 
6 
7 

ss 

30.905· 
22.~ 
53.259-

0.546 
11.821 
12.367 

10.639 
10.533 
21.172 

~, , 
\ 
~ ~ ~ ~ 

1" i' 

..a.669· T' ~, 
14.308 
~.917* 

" 

1.043 . 
11.181 
12.830 

0.-471 
2.521 
2 .. 992 



-~----

o 

• , . 

~ .. , and for the do.~ ...... dato of the nanmutant cr'" were panai '.1 
~ \ 

('X = 1.043, df - 7; na ), and thls c:cmmon flope WCII sfgnfffc:antly d'Re,.,.t 

fram the cne calculcnd for the ""_'on fines'for the ctc. .... eIf?O".'data of 
~ 

the mufant ~ (J: - 0.471, cff -.1; ns). 

7. Analyak Of the morphoIOIica' data 

E.ncephallc emlxyoa weN not .Ncteci among ft. 08, D9, 

and 010 ... Iwyo. ohtalned frcm the cOntrol croa.... u,on coIlectfne tbe D8, 

Dt, and Dl0....&ryc. ~ t ........ r-mal_ for morphofoglcal examlnat,on It was 

notlced that, for the AI J en: Id If, the frequencr .. of exencephaly ~ ... h' ..... 

among t"- embryaI than amat1g the 014 ... brycs collectwd at the ..... dœe 

far the c:be ...... study. This .Ituatlon dfd not _rst arnong the swv CI': Il.1 • 

..... SWV cre.I'1 were very .rmnar to thoIe obtalned From the c:IoIe""1...,.. wafc 

( coII.ct.c:I on 018). n. frequMcles of .-,ceDhaly for the morpholog!c;al and 

"'''''I.a: MIe data for the cr Il Il l' en thown ln t .... · Cll. Fw the lIIOI,hoIaor 

.... , the frequMcy of ~y WGI ."rmfnecl CIl the pllceftlaglt of affe 

....a.y. .... total hnplanh. Tota' "",'anis .... the .... of the nUIIIber of rnatwlfte 

--)CIl G'Mf the ........ 01 ..... ,.._ a .. e".'" wwe ..... 1'''"' bv mwhy, 

I,art.pl,ent and n,a_le ......"..rc tr.. ., ft ... CIICI _, ............. 01 
- \ ' 

o placenta. ... •• ,..Uc ..,. ... land ot coI''''-- tr_ 09/12, 

09/18, Md 010,16" l'tOt at tht ...... , ..... ( 01/12, Dl/18, .... 0'116), • ft· 

.. ,.It .................... cauW ............ ,y ... CIIIcf.,." .,-D9/.2 • 
\ 

1 . 
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TAUC11 

0 """. bIId MIt; AI J G'NI SWV -., Q comparhon of the """cy of -.ncephaly ", 

far the .. ~ ( coItect.d on D14 and 018 ) and the morphologl.' .... ( collected 
" 

Cft 09/12, Of/,a, and D1016 ). <+ iD';. 

1 

cre. " "'.'y two-tall.-d . - . 
... , ... _ cJatol morpho1oglcal cilta I!'O!!!!nt!! ,. 

( --~nc:t/l1w ... &ryat (.,."C8phaIta/total fmplan" 

AxCcV+ 33.9 (11/53) 57.7 (30/52) 0.019* , 

Ax-t/.Cd 
, 

13. t (10/16) 35.2 (t9/54) 
.' , 

0.005* .. . ' 

Axal/+ •• o#!llSJ) 76.4 (.0;.55) 
1 

0.060 :/ 

L~) > , 

Ax-tl~Rf 
" 

2.Ià 0,/55) 52 .. 5 (31/59) 0.001* 

AxA 1 •• .0 ( 7/5» *.7 ca/60) " 0.0004* 

" 

SWVxC4/+ 73.2 ("1/56) 13.8 (Q/IU) "1.000 . 

SWVx+/+Cd . :M.6 (1'/52) 1IJ.7 (3$116) 0._ 

SWtI X 11/+ 14.2(64116) 86.7 (71/90) 0.665 

SWV,,:~Rf 31.7 (2.fI62) 31.9 (2t/91) 0.393 

$WVxSWV ~.I (2IJ!6tl) 51.8 (0/83) 1.000 
# 

*, s. .OS 
'_T .... Cl~a 

• 0 

r 
.' 1 1 
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1""'fore, the numbln ~ 'MIN the tala" obtaTMet '" CCftIbtning the data 

ttcm 09/12, 09/18, and 010/6. 

U.lng a two"klnect Ffther' 1 exact test ft was shawn that for the 

AI J croaes, the ~cJ" of indua-t e.,c:.phaly· t'rom the lftOfl'holog'cal 

data ..... stgnfftc:antly h.aIMw than the fNquencl_ obtafned at the sante dca 

tram the ....... _ dahI. Th. slgntftc:ant dtfrwenc:. WOI found 'n four of the 
. ~ 

~I end the nfth ~,Â x Rf,4-, NnôId~towards a sfgnfftcant Tne ...... 

ln frequMtcy ( p.s • 1 ) • 

Two-taRed F&her's tests'dfd not reveal .r~'flcant dlffeNnces 'n 

...... data for the swv~. The .. ulis of the F1_r l l tests ar. ofto 

... Tft Tabl. CIl. 

"-__ n the rnorphaIaelcaI CIW the .... ..., ... _ data, other po'nts of fnte,...t 

.. notlced whn~ ~ the lIIOtphaIag'cal .w,..-'nt 01 the tnaot.d and 

unfNoNd .... bryaI ~ the ,...W of IIMftl tuba cl..,.. Many of the 09/t2, -

09/18 and DlQl' .. ...,., _ny clfatfntulthed • nonnal or __ cephalfc, 

".INi1 unwua' ........... 'the" Mn'" po'''''. The .. 1Iryo noftIMIlf, lftCWII , -

\ , 

\ 
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dtmcnstrated-delayec:f tumtng ln that the tumtng process was strU '"ot 

campl.ted by 09/12, although most embryos have completed tumlng by 

09/6. However, the actuol conftguration of the body shape wos not 

contorted. Other embryos dfd pouesa on abnormal body shape. The tumt"g 

proeetI, dffftcuit to 0IIItI 01 tncomplete or cemple .. due to the unusual body 

eonflguratlon, hod resulhtcl ln a twfsted or klnk.d appearance below the area 

of the heart CX'Id fJelfmb ~ ( NfeMd Jo fn thll ltudy as the hindbody arec). 

The Icfnked appeoranc:e somet'"", extended to the tip of the taU bud, (l'Id 

WGI~ighly varIable Jn expNSIlon. The obnormol hlndbody shape wos a!ways 

fcMd 'n tno. embryol thet we,:- exencephal fc. Furthermore, these exenceph

aUe embryoc wtth .... twfsted tum Ing were from the treatecl mutant Cf'OlSn. 

thIl condltton WCII not...,. ln the embrycl callected front the untNGted mutant 

CI1d nonmutant c:rœtII, nor waI it ,..,. In the exencephallc emblyo. from the 

tNated nG"ImutCl1t craaes. The em~ from the trectted mutant and nonmutant 

crCIIIII thot,dld not dtve •• .,..cephollc braln. 0110 ~td not"... the 

obncNMal body ~ • 

....... the 09/12, 09/18 and D1CV6 ~ de'a,ecI rumlng . . . , 

-.01. INn 0It1)' ln ~'otfon •• th ~Iy. ~IRc. the abnofMal body 
. . . 

thape, It wca oiIIIrYed ..,. txenGlphalfc .. Wyat ... both the hM," mutant 
\ " 

an4~t _. De,.., """',.,' howtwt, WGI flOt,...., amont the 

... ,. frcm the COftb'oI~. " .... d .. nient~ rhot, oI~ the . " 

' . 
/-. 

• 
1 

l, 

'1 
, , 

• 
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stage of tumtng wdI .cored for aH the embrya. coIl.ct.d at the IpIcfned 
c 

tl,..., delayed and abnannal tumtng WIIN cl_tftcatlons UMd only when 
a 

.corrng the 09/12, 09/18 and 010/6 em~. The 4Mftbryo rs only beg'Mtng 

te tum at 08/12 and 08/18. The .. ,."., the lade of .xtenal~ moYement at 

the tartl.r tl .... made an)' iudgement of clelay or abnonnaltty mur m~ 

arbftftlry. AllO; the mG''"' (dm ot tM morpholaglcal ttudy wasrtO cletect dlffeNncet 

that could be aadctated wfth the occurrence of exencephaly. Slnce th. brQ'n 
, " 

matfonnatlon could ont y be cltarfy IdentJfted by mld 09, the mOit tnipomnt 

fa~ to note WGI other devfattons From nocma' dewlopment 0110 QpptOrfng at 

that t lme. ' 

, The breakdown for the comblnecHotol of exencephatlca front 

09/12, .D9/18 and 010/6 for eoch of the treat.d c:rGIMI, tnJo normal, delo~, 

Or obnormal turft,", .. ~ ln Table C12. TW exen.phallc embryoe from 

the nOl\mUtwtt __ , 01 ment'onecf w.., dld,not, ..... anstra .. ~ abnomol 
, , 

body .... " At~,. the f,..UMCY of .,. turnlng waI consl.raDly 1_ 
t 0 11 li 

, , 

.CIIftOft8 ..... _~ than qmonf ..,.. '"", the ..... t ..... , About one .. 
<:l Il \ • ~ u -

thfrd of the ..... 'haUc ~ tt. euh 01 .... mutant .... pa ••••• d 

~~I"""', Whn.~,_-thf"""' •• iay fn ... NIn"" , ........ , 

. ~ \ 

.) " 

\, ' , . 
!, \ fi 

, . 
, 1 

, , . , , 

" 



SWVxCd,4 62 20 (33.3) 18 (29.0) 22 (35.5) 

~xRf/rt ,. 29 (31.2) 25 (32.0) 24 (30.7) 

swV x+l+cCd 
" 35 30 (15.7) 5 (14.3) o (O'Wa) 

swv x+!+Rf 29 
o , 

22 (75.9) 7(24.1) o (O'Mt) 
, 

SNYx SWV .a 33 (76.8) 10 (23.2) o (t*) 
1 

" \ 
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ac.th nannal and obnormal developrnent durfng the proceu of 

neural tube clOlUN Cdft ba tien ln the foltowfng Mt of photographs. The 

plcturw, at a 6 X rnagnfftcatfon, re".....ntec:l the oppeoronce of thtt treated 

Gld untNated ernhryc& at yarlous tlmes ln development. 

Ffgu .... Cl1-C19 re,...aent f'h.-normal pattern of dewlopnent, 

al ...... In the control spec'mens. FTgum Cll and C12 show Mo 08/12 
.. 

untreahld .... ~, eoch "Ith 8
1 
paIn of semItes. The embryo tn FIgure Cl1 

has a COMp' ... Iy open neural tuba ( .tage 0 ), ~~ hot not yet .taned ta move 
, 

out of ib S-shaped conftgurot'on ( stage 0 ). In Ftgure C12 the neural tolds 

have fu.d tn tn. aNCI of the prôlencephalon (stage , ), and th. cranlal 
, ~ 

ax" of tke embryo , •• lfghtly out of Hne wlth the caudal ax", fndlcat'ng 

..... Initiai movementl of tumlng ( •• 1). TM neural laids of the 08/18 

""tNated'tmbryo shown ln Ft .... C13 still have not campI."'y "-d over 

the entt,. proIIftCllphaton, but. fndfcot. ,"Itlof fut'en ( 'fOOIl). rumIna 

hot pt .. ulld furthIr, ....... , 10 that tM cranla' _la la nCM' ct ('1 ,Ight 

.. el. ta the hf~ 1 wlt .. the .m'" a.... anter'_ ta the mtd-tNnk reglen 

hovlne rototed ( ~ 2 ). 

' ..... C14 .. Cl5 thaw fnInt fNflxtdc yi ... of CI nonMIl 
\ 

09/6_~. Tt....."., fol. ln the .... ron of ....... neutOfIIO"'( fJ/t'tOIIt, " 

F" Cl5 ') ... yet to _, but ..... MI oocurt'8CI ~ .nt'" 
\ \ . 

\ , 

,II 

.... 

\ 
\ 
\ ' 

l' , 

.. 
'. 

, \ 
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praaencephàltc area to the mtddl. of the mesencephalcn ( stage III, 

FIgure Cl"). The .mbryo has .....,tfQfly comple,." r .. tum~~, and now 
, ( 

matntalns a C'1haped conftguratlon wtth the neural ~,""Ing the --
.xtw'or of th. CUMltu .. (Itave ,,'). Th. htndbody will, however, come to 

...... claMr to the Mad reoron. FfOU'" C16 and C17 show front and badc 

vtews of an untntated 09/12 embryo. Tumlng f. completed (stage " ), and 

th. n.ural tube ,_ now cla.d aver the anterlor n.uropor4I l'egron. Further 

to tht., the roof of the mambencephcllon f. cov.red wlth a th'n .plthelfum 

( stage V ). Upon thfckenlng of th" eptthelfum 1 the neural tube t. campl .... 'y 
cl. In the cephal1c: regfon, as Men ln th. untreated 010/6 em~o 

( Flgu ... C18 and C19). The pot .. rtor neuropore has ca'sc cloted, rnaktng 

the PfOC*I of neural tube clCiure compl ... (stage VII). The _bryo DOW '-gIns 

to show large fncntaMI 'n , •• 
, 

The ~ fraM .... treaNd CI'OIIII thot lIhoMM:I nonna,I btoJn 
, 

~lopnIIftt followed the po ..... 01 cM,.-nt .... oIxMt. Of the 09/12, 

09/18 and D1016...&ryo. that weN -.nc::epha,fc, ..... dtYeloped ft. bra'n 

_'-tien '" the aIIeIn. of an}'.-fotM tuml .. cWtct, • ...., ln 

F"" C20 and al.. Th .... CI 09/12 ~ hm CI ïNa." Â x +/-tlA a.. 

wa.n COInpGNlCleo the 09/12 -a.,o...., '" pt ... C16 and C17, one 

1 \ 

" 

,\ 
" 
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tmm.dlately notes that the,4.ral tube i. open over the entl,. proeencephaUc 

and m....,cephal le ana. The neural folds are 9ff1N tng ln an e.,.rted monner 1 

whlch will CGUIe th~ ",derlylng bra'n tissue to axude out of the open surface. 

The turn 'ng procedure f. normal. The embryo has tumed, and naw al f that 

remalns ts for the htndbody NgJon te move up and come to rest Mxt to the 

head Ng'on (.tage "'). Though th. tumJng of th', embyoJr\not as fully camplete 

CIl the nonnal 09/12 control embryo descrtbed earller 1 th" a~t of 'lQl'tatlon 

Inl: procea WCII ccmldered normal. 

Examp •• of exencephaly occompan red by c1efoyed tom fng 

ION '"" ln Flgun11 C22 and C23. FIgure C22 Is a 09/12 exencephallc ernbryo 

hm a treat.d SNV ~,*jfM croa. The embryo fs ot the stage of turntng ( 1. 
2 ) nonnofly '"" ln the 08/18 embryo ( Figure C13). The braI", whlduhould 

1. e"tl .. ly ct ....... ~cephaIfC and ~cephalfc arH ( FIgures C16 

and C17), hl. rtnICIlned .... , wtth the '*"1 fol • .,owf"Sl ln an ev.ted 

11'ICII."". The OP/tl 8ICInC:ephcaltc _bryo fran a treated 9NV x -C4A- crea 
\ 

( F .... C23 ) lhowI ...... '. 'n the ""'fftt proc:e.. fts c:ranlcal .r. ha 

on'y started te ....,. out of the S""Ihallld ~fon ( ...... 1, note F ..... 

CI2), although the.-- thould haYi a..n canple ..... by th .. tfme. !he open 

IMIIftcephoUe CINO of the nlft chlarly ...... the -t.,o • ...,cephalfc. 

The ... _,ahealfc .....,. ". the .......... t en.... that ...... ttaMtI 

. 1 

... 
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an abnonnol hfncJ:,ody shape are .. n ln- the followlng flgUNI. Figure C2 .. 

Is a side vlew of CI 09/18 exenc.phaUc ernbryo From a treated A )( Cd/+ , 

croa. The neural folda have faned to fuse, exposlng th. lnner brafn mali 

and, below the heart reglan, on •. con se. a sltghtly ktnked body shape. Th. 

somtt. ( alTGW ) are not CIl l'egular in ClppeGranC8 CIl ln a nonnal embryo. 

FIgure C25 ft CI clonai vtew of CI 09/18 exencephaltc embryo from CI tTeoted 

SWV )( Rf,Â- cross. Not visible he,. ls the open m ... ncepholTc area of the 

broln, Cllthough .".rted Murol folds can be distfnguished. Th. embryo 

pDi ...... an extensIve twtltng and Iclnklng of the hlndbody regfon ( arrows ). 

Figure C26 .. that of CI resotbing 09/12 .xene.phone embryo front a treated 

SWV Je Cô/+ CI'OII. The .xtenslve somIte dfsorganlzatJon could not be shawn 

ln photogauphle detatl due to the lIunspcnncy of the dylng ti.ua. On e carl 

matntaln, howewr 1 thot the body shape ft dfstlnct *"'"' the nannal paMm. 

The embryo shows anly a mtld fOrm of exencepholy 1 wlth the entl ... Mural 

tube el. ,xcept for a ttlangular QNQ of the meetncephalon. FtOUN C21 

fs CI 09/12 exencepholtc embryo from CI treoted SNV x Rf/+~. The hlnêocly 

.. twt.t.cl lnto CI IotaIly mlean ....... , The pIOIIftc:ephulon and meMr\

.,..lon.how .... 1necI open. The 09/12 aancephaf1c .... àryo shown ln 
l , \ 

p .... ca ta front 0 .... tecI SWV x Ccl/+croII. "". ,1. vfew duel not 
\ . . 

c .... y ••• NN the ....... 1 tube, but ....... lIy shaw the tw, .... 
, ...... h......, .... 1 

., , 
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.. 

'nsul ln treaNd mutant croMS we .. phenocopl .. of l'JHt-IlftUl'ant-aen- ln the" 

hcImozytous condlt'on, severat Rf/+ x Rf,4 and cd,4 x cd,4 matlngs were set 

up and the IItters examtned at 09/12 and 09/18 to Me jf srmfJar obnormalttr. 

'Mtre .....,t. ft was Icnown thot the affected homozygous embrYbs wauld start 

to resorb on 09 (Theil ... and Ste"., 19~; Morgan, 1954) and allO thet 

only the homozygo ... would show apontaneOUI exencephaly, 50 ft was felf 

the aHected homozygo .... could be lsoloted 'N.th a hlgh dtgree of certalnty. 

FIgure C29 ft a 09/12 exencephoflc embryo From a Rf,4 x Rf,4 Cl'OII. The 

braln 1. open -'n the meseneephaftc antO, and the h Indbody shows areas of 

twlltfng œd Ictnlcf"g (orrows ) ..... Ucr to that seen ln th. exencepholtc embryoa 
1 

frcm tht treated mutant c:raaes. Figure C30 " a 09/18 exencephoUc tmbryo 
, 

from a CcV+ x Cd/+cn:. whfch ,. shewfnt eorIy " .. of resarptr' The 

hlndbody of thl. eml3tyoaho ÙtowslOlne twlst'"g. FIgure C31 1. a 09/12 
\ 

embryo frcm a Rf,4 x Rf/+CI'OII. ft has '-en r.orbed qulte extens'wly, and 

the area ~ the rMMel tube filtled to cl_ la only fofntly vtslbl. (orrow ). ) 
, ,," 

. \ 1 

Howe'M, the body ... ft ollnonnal,'and ........ 'ne ...-mblàh«101h.,/ 
. \ 

09/12 e'-aephaUc _bryo front the hMNd mutant cro. that WeIl alto umW-
; go" ,niIorpt_ ( Fr ... C26 ) • 

'. 
\1 ' 

\ 
l' 
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" 0 1 . 
The rCllt th,.. photographs en of 010/6 .xtnceplbalfc embryOl. 1 \ 

FIgure C32 ft CI 010/6 .,.ncephaltc IImbryo From a trytated A le Cd,4 crea. 

The body shape shows CI dlflnh. twl,t about the central (1)(1,. Figure C33 
.. 

l, a 010/6 exericephallc embryo from CI lNG .. d SWV)( Rf.A- cross. The 
, , 

';,f.ït ' . >. hfn~ f, tudced IM"der, fnstead of .... tlng next to, the head regfan. The 

exencephaltc boaln haa CI large cyst growlng out of one sr., Q conditIon often 
\ 

... In the seve ... exencephaltc forml. Figure C34 1. a 010/6 exencephaHc 
, 

embryo from CI trea~ A x +;IJ croa showlng a mueh smaller cyst an one slde 
Cl , 

1 

of the Open bru'", and cr nonnal body shape. 

Alter exan inlng many embryoa, slmUar te thOM shown ln the 

photographs, It WGI Feft that no obvlous dlfferencal.ls~ wlthin the group 

of mu_t cr... and the group of nOftmutant CfOIIII ln the ..... Ian of the 

braln and, ln the CIlIe of the mu .... t group, the tumfng malfomtatfons. Thl. 

~ an fmpoe'Clnt factor Jo .taWlth QI t'- aflowed only a r'rmlted number of 
- , 

" 
em~ frcm tJIly one CI'OII Jo" .ct'oned for hfstotogfca' uamlnatlan. ft 

, ) l, 
-. 
'!.' ' , . 

~ the .. fort *, .. ' that, when "I,ct'no the •• for1ltctlanlno, each 
" , 

woutct slmpl, ,.,....,t a mutant or IIGI'IIIIUtatt cr.. FurtMnnort, fnltlany the 

onl, .,.,..".nc IIItbryOa frem the mutant cr-. tG be examlnecf hlttolQlfcally, 
.', 1 ,-

would bt ~ wlth\CIft abnarmal .,,~. Th" WCII an ~~ce unIque 

to "" ",utGnt crc.tI, ,., thnfare caula .. a part of ; .... -dls!lngu ..... 1ng 

~ that woutd .......... the ,,**,l'fln, NC:han .... rA the Intwactton. 
- -~- -

• 
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.' JIbotognph of • DI/l2 UIltJ:MtH abJ:'YO vith 8 pain 
of 8C11ite.. U. n ••• l tube i. ~.tely open 
(.tage 0), and tuniftfJ bu' net ~t ttart.d (,Uge 0). 
nf, neural folcSa, P~ proHnCephalOll~ X 6 

Pbotognpb of .. D8/12 UDtnatH abryo vith 8 pairs 
of I01I1tM (S). 'a. ~ folda haft tuMd in the 
ana of the proMllC:ltpb&l.on (anow, .t&<Je ,1), and ~ 
_ryo bu tumed aligbtly (at.age 1). X 6 

Pb9to9t&pb of .. D8/l8 untnated ab%yO. 'lb ... is 
initial bioD of the aeural foldl (nf) in the 
~ of the: pzolellcepbalOl1 (arzow, .tage 1). '!!le 
czanial m. ha. nov mtated 10 tbat it il perpendi-
ealar to the hiDdboc!y (,Uge al. x 6 

Pbotofnph of • nomal 09/6 _ryo. 'l'he ~ has 
CCIIpleted tuzuing, gd tbe bodY nov po ........ 
C-Ihaped cOllfiguation (.t&98 4). '!he hindbody will 
cc. to n.t c:lo .. r ta the heK n91011. C10Rn of 
the neunl t.\1bI 11 eœpt.te onr the entin proMnce
pbalan (.ta<Je %II). P, pzooHnc:epMJ.on. X 6 

" 

PbotogLapl\ lbori.Dg the donal vi.., of thi. TYJ/6 
~. C10llUJ:e of tbe neural/tube bu progn ... d 
1=0 the Id •• of"tbe ... ce on, JmowD al tbI 
_tarior neœopon (uzow). X 6 

Pbo~ of a DO,.l 09/l2 "~. ~ ho 
bMD COIIPlete4 (.tage 4), ancl tbe unl talAI haM 
taad 09U t:bIt eat.ift ton Id ai • p, ptOMI1-
cepba]OD~ X , \ 

l, 

.' t~ .. 

() 

o 

" 
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Photograph ahowinq th. dorsal vi_ of thb D9/l.~ 
.ëryo. !'usion of ):he neural _~la. 18 c:oIIplete 
o".r the antarior new:opon région (arrow); 'l'he 
zoo! of the ~cepbaJ.on ta covered by a thln 
epit:heliua (.tAge W), who •• tranaparancy make. it 
iJlll)O •• Jble to be seen in the pbotograpb. r, rhOmben.-
cepba1on. u X 6, 

\ 

\ 

Photoqraph of an untreated D10/6 elli>ryo. 'lurninq 
and fusion of the neural fo1ds o,"r the, prosenc:e
phalic Cp) and mesencephalic (m) araa. of the brain 
are bath completed. X 6 

Photoqraph of the dorsal view of this D10{6 ellbryo. 
'j 1'be epithelium cowrinq the roof of thé rhomence

phalon (r) has thickened, indicating that the 
procas. \ of neural tube closure in the cephalic raqion 
haB been completed (stage VI ) ~ X 6 

Photograph of il '09112 etIIbryo- tram il treated A x +/+Cd 
CZ'CMI. The neural tUbe i. comple«;e1y open o"r tbe 
pmMnCephalic (p) and lIIIsencephalic (la) anas, vith 
tJle neural 'fo1ds qrowinq in an everted IDanller, , 
c::baractartstic of exencephaly. 'Jhr. tuming Pl'OC8-
dun, ~"r, ls vi thin the nomal range for thi. ' 
ge.tAtional age. X 6 

.Photognph of the dor.al vi.,,' of tbia 09/12 
e.x.eacepb&lic _ryo. A9&in, OM CU ne the open 
MUftl tube (arrow), and th •• ".rted ne,'&lral to1d8 
(nf) • 7, 1,6 . 

JIIO~ Of a 09/12 exenceptialic embryo frœ a *'" x +)iJtf exos.. '.die ubQO 1. at * .taC]e of 
tœ1ü.pg (.~ 2) DOnally ... n 1n the 08/18 embqQ 
(l'igue CU). .. neural ~ ·bu reMtM<! op6n in 
tba proHncephallc (p) cel _sence~lic (JI) area •• .... 

'-, 

l' 
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ligure C25 

riqure C26 

l'igœt <:28 
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:,,\Photograph o~ a 09/18 exencephalic el\i)ryo tram a 
. t.:nate4 SW x Cd/+ cross. It abcnts a aevere delay 

"1 

lA the turn.1ng process. Ilaving only a tarted t:o uove 
out of an. S-ahaped configuration (stage 1). ~e 
neural tube ïs open iI) the fore and midbrain ragions. 

%6 

Phot:oc;raph showing a aide view of .a .09/18 exencephalic "'ryo tram a treated A x Cd/+ o~.. The neural 
fOlde (nt) have fùled to fuse, and' the body has a 
JdnJced appeàrance below the ragion of the heart (h) • 
1.'be IOmteshave an irreqular appearance (arrow). 

X 6 

Pbotoc;raph of a dorsal view of a D9/l8 exen2ephalic 
embryo from a treated SWV x Rf/+ cross. The neural 
foldtl an. qrowing in an everted manner, and thera ia 
exttnsive twiating of the hindbody (arxows). 

X 6 

Photograph of a C9/12 elClUlcephalic: embryo frolll a 
t:xeated SWV le Cd,l+ cross. 'l'be transparency of the 
ti.aue is a 11gn of reaozption. 'lb. body shape has 
deviated tt;Olll the nomal pattern. '!he neural tube 
ia open in the .. sencephalon (JO). X 6 

Pbotoqraph ot a D9/12 exencephalic embryo frolll a 
treatad SWV x M/+ cross. The prosencephalon and 
_HQc:ephalon baw remained open, and the hincSboe1Y po....... an almoXIIÛ shape. X 6 

Il 
PbOtagrAph of a .i~ of a 09/12 euncephalie 
""X'YO fme a trtIatad gjv li[ Cd/+ cro... The neural. 
t.Qbe 1. open (ar.row), and the hindbody has twiated 
1Ato an abftOtIIal .t&apa. X 6 ., 
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r19Q.ft C30. 
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r1~ C31 
, 0 0 
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rl~ C32. 
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, 
Pho~9l'lpb ,of. Dt/l2 exeneephal1c _ryo trom na 
U/+ X ~I+r, ClOU. ' 'ftll' 'bl'ain li open in the 
"~pb&l1c retiœ (ma', ,and the hinè!body lbowa 
anu of ad.IUD9 a4 kink1nq (anon). 

, ' X 6 0 
, 0 

l, 

PbotD9flllb of 1 otll8 .xuC4lphal1c ubryo troll a 
cêVt- X ~ c::IOU, 8bo!dn9 ".ignl, of rtlOJ!ptlon. '.th. 
,ti .. ut, li al1gbtly' tnft,punt" a4 .. de9Rel'at1on 
bu o~aun:ed (arzow). ,~e, hin~ 11 80Mwbat 
trieted, yiel41n9 a Ibpomal body lb.",.. 

'/ 1 " X6' 

~ ~ ( q, 
, , Q 

Phottl9:lpb of a DlIU IIIbl'YO troa a Mj+ le Mj+ c~ ••• 
,Jt bu -'~t .ztenli_ "nxption. !M ana wh.n 

, . the Mural td>t f&11e4 toc alOit i_ .Ughtly viliblt 
(uzow). 1t., botIy *ipI 18 lbnoZ18l, and 1. ltriJc.inqly 
11IÏ:I.llJ' tp the 09/12 uenqepbalic abqo froll the 
tnate4' llÙt:ant cxo.. that wu &110 undlrgoinq 'X'eIOrp-
tian (r19Uft C26) • " 0 X 6 

, , ' 
• n , 

, 
, ,.qzoaph of 1 Dl0l' tanpba11c ellbryo fzœa 1 t;ia}*t 
o~ A.X' ov+,~. 'l'be body ab. i. 1Milted ~ut the 

, octnl. m.. ;M _lin ta olearly eancephalic. 11, 

\ .... Clpba1oa"-p, pzOaucephllon. X 6 
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Log-II,... analy.r. WCII uted. to Cl'\alyz~ the morpholog'CèlI 

dahl. Ea~h embryo WCII ,cONd on .. ven 'i'Ortctbl .. , whfch 'Ner. 'ta croa (C ), 

IfI gestatlonal .. ( Â ) 1 w"-the, the tmbryo WOI hm CI control or treated . 
L,,~I , 

~ ( T ), 'ta .Ite num"', ( S ), lts stage of neural' tube clOlUN ( a ), t .. 

staae of tumtng f M ),. and wtt.th.r the bratn was ~JC.ncephoflc or nonnor ( R l. 

The anal,yI'_ could Only be perfonMd on ~ varlabl .. ctt a tlme, so the fout 
, '1 

• ....,.,.. ~rtabl. ,( semIte numbe" Mural tube CIOlU,., rumIna, and . 
l , 

,.... ) 'ft ... conMcutlwly anaJyzld w,th th. th .... lndependent vartabl .. 

--.- ( croa, agi, and treGfment). As the' ana'~'s tould not be dont on ail the 

vortabt .. at once, ;'~Jncant r~~~trons ... eted c~ld not' be ordtNd 

far tm,,:wtance • 

The results en shOwn rn Tabl. C13. Âa prtvfoualy statH-

( .etlan 8.5 ) the tests of pattlal and marg'ncaJ auocfatlon togeth., _termIne 

" the "srgntnCance ,of any tn .. raê~,on. \Atty slgnfllcant hlaht, _, .INet 
\ 

. rrnmedfa .. ,y 'mp't. that the lawer l' c:amptNnll of that .fft~t \mak. a 

.11I"11I~t _tribut ..... "'II.:..::! ,the finI anal,. .. lOIIed "" any 
aaoc:latlan among c:rc:III, age, t, and sam'" ftumbar 'l/Orlobl... It 

can '- I!I'" that the' CATS .freet ~ nat .r .. '''cant, nor 1ft ... the,. .,.rfTcant 
tnteractfent amant the thW .... • IN .. CA T, A YS 1 crs, and CAS, Jecond 

., ... '(Â, Às, TS", ÂT., _ CS, and-~rn c ... Â. and S. Thtrthn 

\ ' 

, '\ 

/ : ./, 

, ' 
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TAlLE Cl3 

• T .... of partIe Gnd fIlCII'Ilnal aaoctatf~ for the variables of the mcw.pho1oofcal analy.r. 
1 

group of ) partIal margInai 
YGrtabl .. GIIOClation OIIOClOtlon 
testeel' .MK:t probabll'ty proIxIbn lty 

CATS " CATS 1.0000 
CAT 0.9933 0.9982 
ATS 0.87.45 0.8142 
crs 0.9365 0.9311 
CAS 0.8962 0.871" 
CA 0.9.23 0.9397 

./ AT 0.10042 0.100 
CT 0.0092· 0.0097· 
AS 0.8554 0.8562 
TS 0.7964 . 0.7899 
CS"-'" 0.7219 0.1263 
C 0.0025· -

\ ' 
A 0.0925 .. 
T 0.0000· -
S 0.8932 -

CATI CATI 0.8726 
\ CAl 0 0.9937 0.99" 

Il ,CTI 1.ocœ~ . O.~" 
ATI 0.0000 0.0000* 
CT 0.0250· 0.036411t 
CI .0.0132* 0.0145* 
AI 0.0012*, 0.0009· 

, TI ' 0.0000· 0.0000* J C 0.0CM5* -
\A 0.0000· -
T O.OQOO· -
1 0.0000* .. 

CATM CATM 1.0000 -, 
CAM I.GOOO 1.0000 \ 

CTM . 0.6217 0.2701 
ATM O.GGI6* 0.0045* 
CT 0.0345· O.Ga'* 
CM o.GOM* O."'" 
AM O.tDIl* 0.0021· 
TM 0.001.· 0.0001· 

\ • C 0.,0010* .. '. A O .... .. 
T L~',i .. 
M 0."- .. 

_~'t" t_ 

:, ... ,/ •.. /2 
'~.J'I- ' 

~ " 
o , 



Tabl. C13 ccnt'd 

CATR 

0 

'. 

IMR 

r 
~, 

, 

., .s. .05 
'varfàbl. 

/ 

• 
, " 

zr -~ ""è~ T - ~ ...... "'~'I~~ ..... -:iL -
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CATR 1.0000 
CAR 0.9856 0.9963 
ATR 0.1523 0.8343 
CTR -'-~·097.* 0.0071· 
CT 0.G482* 0.0:M5· 

'CR O.~* 0.0036· 
AR Q.l29~ 0 .. 1342 
TR \ O.OO~* ~.0031* 
C 0.0019* 
A 0.09~ ... 
T 0.0005* 
R 0.0012* -
8MR 0.001" 
lM 0.0023· 0.0020* 
tAit 0.OOl2· 0.001'· 
BR 0.0000· 0.0000· 
8 0.0000· -. 
M 0.0000· .. 

b 

ft 0.0000· 

\1 

) 

V 

c-cr. 
A- fIStot 'ana 1 age 
T-tNated or control 
S-.omlht num .... 
.... of nearol tu" ct..,. 
M-a .. and type of tumf", 
R-retpan. (exencephal le 01' nomtQl) 

, 
~ ~ , t 

" , 

' .. -~- -~ 

• < .-
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there WCII no GIIOciatlon of.somlte number to cross or gestatfonaf age, nor dfd the 

Insultn tNahMInt affect ..,. somrte number of th. embryOl, a good indfcatlcn 

that general development remained unlmpe.d by the treatment. There was 

o sJgnlflcant ... Iatlonsh fp of croa to treatment ( CT ), and fnteractfon that 

, WQI found to be sfgnJncant WMn test'ng the other groups of variables ( CATB, 

CATM, Cl'td CATR ) as 'MIll. l'hat 1. ta say th. effectlveness of the treatment 
\ 

,ln producfng the malf'onnatlon WCII partly deptndent on the genetTc background 

of the embryo.' ,The interactions CA T, AT, and CA 'Here allO fo\a1d to be 

hlghly nonslgnlflcant (P'> .8) when analyzlng the CATB, CATM, and CAYR 

groups of variables. Therefont the margfnal CI'Id part'al assocla'tlon probabUttles 
" 

for th .... ffects w .... not Il,tH for the other groups testH. 

Analysis of the CI'OII, age, tr.atment, and.toge of neural 

tube, clOlure set of varIables ( CA TB ) showed the ATS In"ftlctron to be 

.Ignlflcant. Th. age, the .ffect of the fntulln treatment, and the stage of 

neural tube clOlu,. of the embryo 'MIre vartabl .. that Intaracled to farm a 

"" "an1flcant relatlcnshfp. Due to the _tgn of 'the analya", 011 the .. cancI 

~r and main .,,"ts of the ATB ln .. raction ~ aiso il",lncant. 

The next .. t of varlabl .. ttudted WGI the ~I .. , tNotment 1 

P 

ancf tuml", of the 4ttftbryo'. The\CATM .w.c. WGI not sl.'"cant, but the ATM 
\ 

thl", ..... "-ct w.. the ... of the .... bryo, whether oi not It COlM t'rom a 
. } , 

........ If..." and 'b tum Ina procMI .,. aU lMft to Dt .. I._d to CIM 

---~1 
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an·oth.... Foltowlng th,. an the second orcier and maIn effects cornpaaJng the' 

ATM effact also made .fgnlfteant contributIons to the tnteractlon. Analyst. 

of the CATR set of varfables lndlçatec:f the InteractIon of crois, treatment, 

and suJ:.quent respcnM ( CTR ) to be hJghly sJgnfficant. When the dependent 
\ 

var'ables neural tube closunt, turn '~g, and respon .. weN analyzed as 0 group 
\) 

( 8MR ), 0 slgn'ffcant 'n"raction among the th,... was fou1d. Agaln, the 

su.t of lawer arder and marn affects cornpodng these fnt.I'Gcttons 'Nere 

.lgnlfTc:ant as weil. 

rn summary 1 the ATB, ATM, CTR, and BMR affects wre ail 

" 
found to be slgnlfJcant 'ntarocttons. ,",ulln tNatment hc::td slgntfic:antly 

olterec:f tM pattern of tumJng and neural tube clOlure, t'No proceaes to whtch 

, the oge of the embryo Weil olso sfgnTftcantly related. The ~ of the 

embryo to the treatment was hJghly dependent on the CI'CISS from whlch the 

embryo had come. FlnaUy, the .... pon .. of the embryo Jo the treatment WQI 

cloeely 11nked to the neurol tube closure and tum InO proceaes. These 

slgnlftcant 'nteractfans det.nnlned by log-l'MGt analysl • ..".,. 'n good 

aoreement wfth the fnfomMatlon coUectecf by .. morpholoolcal examfnot'on 
, ' 

of the embryoa. Exencephonc _byaa hac:f been NCCMtred after treatment 1 

seme of whlch exhlbtMel de'ayed or "'mal hnnlnt 'n oddhlon to the bratn 

"""'-al ...... no- ......- ~..,{' lIfthryao te the __ t had ~ on 

the typt of ~ ,.... whtch the _bryoa had came. Exen~lfc _bryoa were . 

'd 
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assoeloted abnormal tumlng belng _l\l'éd exclusively'fram the treated 
\ 

mutant crosses. 

8. Anolysfs af the histology 

~s men t ioned in section B. ô 96 control and 144 treGted 

embryÔl wara sertally croSs or frontal secttoned to exorntne th~ tissue of the 

neurol tube and ta cdlcuJate mearl mitotfc indices. efght ernbryos ware 

exomined at each of the gestattona' "oges. Groups of bath normal and 
~ 

exeneephone: embryos From the l'rltoted crosses weré examlned at the 09/12, 

09/18, and 010/6 colfectfon tfmas~Every fourth sec:tion of the cephalic 

r,gion of the neural tube WQS !tudi.d. The slides were coded ta ptfJvant the 

orlgin of the material. examined From being ldentffTed, all~tn9 For a more 

oblectrv, hlstoJogic:ol analysfs • 

• 
The results far the embryos of the mutant ~s were grouped 

together 1 as we,. those of the nanmutant crosses. It was necessory to comblne 
l 

the data ln some manner as {lot aU the gestatfonol tfmes were exomlnad for CIlly 

one crau. lh. classlF1catton tnto mutant and nonmutant crosses followed han 

the rewlts of the dcIM-response work, wlth the two groups pcaesstng sfgnf"eantly 

dlfferent .ropes for the problt regmtfon UneÎ. It dfd not seem unreosonoble tG 

cons'.' thé ~rfylng "IolO8lcal mechaniJlft of the InteractIon as expressfng 

thllf OIICIIM unfctue e~t on the de""optng braln tissue of th. embryos fran 

the mutant c:roatl. (See Appendix 1 listing leftotypea of ellbryos.) 

f 
\ .,. 

, \ 

.\ 

o 
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It ha. '--' staNd prevJOUIly ( sectfon A. 2 ) that some teratogens 

prtmarny affect the neurcMlc::f'odenn af the neural t'ssue, othen only thé mesOdenn. 

wtth thl. ln mind the rnean mitotle 'nd'ces were deterrnlned separately for the 

neuroec::todenn and the mesodlnn, as these tlssuas could show dlffe,.nt .... pon_ 

to the fluli~ ITtotment. l ,\ ' 

\ 

\ The mean mftotle 'nd'ces for the neuroeetodlnn of the treated 

and conJ, mutant and nonrnutant crcaes are shown ln Tabl. C14 Qnd C15. 
1 

The mean m'totle indIces for the neul"OIctodenn of the control data for both the 

mutant (T"a,I. Cl .. ) and nonmutant ( Tabl. C15 ) croan thowed an tncreaae 

_ ,~ ... 11h the rate ,of. m 1"" 1. oc,lvlty al D'~ 2 •• 9 .:!: 0.36 and 

11 ... :!: O~88 ) berne roughlyequal to tw'c:e that of 08/12 ( 6. , .. :!: 0.23 and 

5.86 + 0.93 l. Nannal embryCII From the treClted mutant and nonmutant CtCIIII -
also reflected thts trend, white the exenc.phaltc:: ernbryc. frcm the nonmutant 

\ 

CfOIII8I showed a deqease ln mltot'e act'vlty, w,th the rate on 010/6 (3.26 :!: 
. 

0.39, Tabl. C15) belne half that of 08/12 (6.21 ! O. 72). TM. deCNGM ln 

the ra .. of mltact. Wal not ... amang the exencephalfe .... bryoI fram the mutant 

~. Rather, the rate br 010/6 (7.91 :!: 0.51, Tabl. C14) waslOl'HWhot ' 

...... than the 08/12 value ( 5.89 + O. 15 ), thousJh It still dlffered const."bly -
fram the 010/6 control value ( 12.49 +0.36). -

'1 ---L-
The ,....., mftotlc W. for the .. .,. ... of the control data 

fnm the mu .... ( ToWe C16 ) and ncnmutant ( Tabl. èl' ) ~ showecI Cf 
!~ , 
U 

, / ' , 
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TAllE Cl .. 

Mean mltotle IndiceS for the neuroeetodenn of the cephalrc neural tube .... Jon of • ..,. hm ",..,. .. ~ 
• mutant Clelili ~ 

- treaMdgroup eorttroll'O"P_ 
gestottonaf age 
( cIay/houn ) 

#-. 

112 0 

no ...... ~ tMGft M. • 0 + S. E. . ......,. ....... M.I. + S.E. 

8/12 ·8 5.89 + 0.15 8 6.14 +0.23 

8/18 
~ -

8 ~Ud-O.23 8 
-

5.93 +0 •• - -
916 8 6.09 +0.31 8 6.52 +0.16 -

.' 

, 

exenc:ephal1e (~llGl body) ,..... 
geslatlonaf age -

-, \ ,,~-': 

~ I!!!e '. ,i .: .;'-, l ':' 
• T~ • 

(day,/ttoun) no.emhryœ mean M.I. + S.E .. no ..... Wyc. ..... M.I. ! S.E. - no ........... ... ,.;, ....... ,1. : 
F ' •• - 'f' 1 

9/12 8 6."2 + 0.2" "l-
9/18 8 6.84 +0.12 8 

10/6 8 7.91 + 0 • .51 . 8 

, 
M.I. ~ • mltot.c "x 

... 

/" 

8.15 "',0.63 -
9.89 + O~ 11 

12.13 + 0.43 

2 S.E. • 

• 
8 

• 

, ~ 

7 .... h l;',,; - '-" , 18.13.·,r.' ,', - " 
i ..... 0 ~ l~ 

12 •• "'.",. " -
., 

"' ,'~ t ~ 
f ,_ ~ 

_,.. ,t l, 

;' '~i~ ':'~'..1: 

o ,,' '. - ' 

" ,1 -l,t;l 
~ t '-:jJ , .... :_~~.f~ 

-:; 1$1 l "tL\i~ 
~ ~:: .rl 

~ ~ ,11:!i f,~~-,... 
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TABlE CI5 
. , 

Mean mltotlc indIces for thè neuroectoderm of the eephalfc nevra' tube ,..,Ion of ~ rn.. ..... ,ed and CilftIlDf 

gestatlonal age 
(clay/ houn) 

8/'2 

8/18 

916 

,..,atlonal age 
( cIay/houn ) 

9/12 

9/18 

nc:inmutant ClaB.. -

tNated .9!'O'JP conh'ot f!'!U!! _ - ~ 

no. embryoa 

8 

8 

8 

mean M.t' + S.E.2 

6.21 + 0.72, 

6. '4 + 0.64 

6.32 + 0.32 -

exen~lfc (normal ~) 

no. _...,. 

nonnal 

8 

8 

8 

no.embryos mèan M. f. ! S.E •. no. embryae t'ftIICIft M. f. + S.E. 

8 5.72 +0.35 8 7.97 +0.43 - -<" -
8 5.09 + 0.42 8 9.15 + 0.62 -

.... M.I. +S.f. • -
51\16+0.9t .' -
5.32+0 •• -
6. 14 :!: o. 24 tl'-

_~fIol" ~_ ............. _- -- .'~-"-'-----"---;-''''' 

no ...... - "'4Il~'1. ,+, j.I~, 
_ ... ,~' 

8 

• 
.,:*~ •..• , 

.. -- ,~ 

9.$ ...... ' .. 
lO/6 8 3.26 + 0.39 8 11.67+0.47 8 

\ i:;.. r .., 

II ....... ' - - .-
1 M.I. = mftot'c Index 2 S.E. =- ~..-ar 

o \,. • ~ l 

~r?m;r SDSP ;; 'S 57' 2 k ,I! 
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1\ ' 
d.creose over time. 8y 010/6 the ra~ of m itosrs ( 4.05 .:!: 0.20 and 

\ 

3.84:. 0.62) was holf thot of 08712 (8.43.:!: 0.46 an~ 7.87 + 0.72). This 

trenà wcrs also seen for the mecn mitotic indices of the treated embryos, both 
\ 

normd! and exencephone, From the mutant and nonmutont crosses. 
\ ~ 

.. ' 

\ 
The exentephofic embryos From th. ~reotéd muiant crosses ,. 'cl 

secttoned and examined in this study were the embryos From the 09/12, 09/18, 

and 010/6 collection times that had 'exhibited an ab10rmal htndbocly shape in 

addftion te the brain malforma.tion. This morphofogicol phenomenon ( discussed 

in sectIon C.7 ) had not been found among any of the exencephoJlc embryos 

From the nonmutant crosses and had been SMn QI a distinguishing eharactertstic 

rn approximately one-thTrd af the embryos, From the mutant crasses, affeded 

by the treatment. The obvious morphologlcol difference between these 

exencephaltc embryos ~néf the ones rrom tha nonmutant crosses had furthar 

su~d the lcleo that hlstofogleol changes mtght he found between,tM offected 

embryos From these two groups, and th", the exencepholtcs wfth the obnormar 

body shape hod been chosen to repment the affected group frcm the mutant 

~. Vat, exencephaffc embryos wfth 0 normal body. shape hcd orso been 

coUechtd 'rem th. treated mutant CJ'OIIIN .and, ta dete""t". Jf dlfferenceS 'exJsted 
1 0 

between .... and the'r Ilttermates wlth the abnonnol body thape 1 Metfons frcm 

thete embyœ w.,. Q:amlne al wll. r1ln tNated 09/18 OI1d ten treated 010/6 

'~, 

, 
'" 

-, 
~ .' 

" 
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TAkE CI6 '-

" .... ... Itotfc ...... for the ....... of lM cephallc newal .... reglon of emhryo. front INa'" Qftd control " , , 1'~t c:ra... - " _ "" '- " 

0 

'" 
'7 ~.. C t-

r-~"I""} 

1/12 

1/18 
o YI{I 

ft < 

..... t ...... 

1 -

~~~. 

no.~ *~ meanM.I.'+S.E. 2 

'" 

a-

8~ 

C'8 

c 

8.74 +0.74 

8.-46 + 0.63 - " 

6.28 +0.52 

ce .c:: 

~ control group <5> 

Vno.~. 

8 

t 
-. < 

8 

<.. 
v 

ncnna' . :-,' 

mean M.1. + S.E. 

8.43 +O.~ 

8.29 +0.38 

6.07 +0.52 

~·F 
" 
~:';J~ 

.< ' 

( cIay/t.oun ) ftO. _1Iryos rnean M.I. + S.E. no ..... bryoa rnean M.1. + S.E. no.~ mèàn M. i. + S.E. 
5.93 + 0.16 9/12 8 5.84+0.11 . 8 

c , ' 

9/18 8 ~ A.96 + 0.69 ( 8 
" . 

10/6 8 3.89 +0.35 8 

". , 
14.1. ~ ",hotte .... o 

'"" 

Q 

"" 
" 

- ' .. ,... « 

G 

~.13 +0.21 8 

5.02 + 0.34 

3.92 + 0.60 

8 

8-

,2 S. E. .. Ila .... d ....-or 

c 

'. ..' ""r*>' 

tr. 

-.4.87'" O~29 

4.05 + O.2f 

o 
--l. 
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TAllE C17 \' 
, . 

, ~,.Jtotlc ..... 1: ........ , •• 10 ... of the cephalle neural tube .-gion_of .... 1wyoI fram INated and conh'ol 
hanmutant gr.. . , 

c 

~ -
frMtedPlP 

, ••• 1 ........ , ' 2 
,(~) no • ..t.ya. rnean M.I. +S.f. -

"12 ,8 8.07 + 0.11 

8/J8 8 1.72 + 0.67 

9/6 8 6.73 + O.A13 

o 

. -
~ 

no. embryal 

-8 

~-

8 

normal 

" control group 

meon M.I. + S.E. -
7.87 + 0.72 

7.95:!:O.~ 
6.84 +0 .. 39 - '",--, 

control group 

~i 

.ulotlonal 01/ 
, ' L-Mtiu.IL~-aga 

. ~-,.,---) 

~ ..... lfc(7'~) 

no. ~ileanM.I. +s.~. nq. eml(wyoJ , mean M.I. + S.E. no. embrY,os , mean M .. I. + S.E • 

,1 

..... 

• 

'''2 
9/18 

10/6 

M.I. 

'l 

--- / - ('-

8 - 6.15 + 0.16 

8 5.02 +0.53 

8 {(' 
'3.94 +0.38 

f 

1 

--.. hotte:' tndex 

8 

8 

8 

" -
,f' 

5.84 +0.56 --"'~ 

~.86~O.~ 
, ~ 
4.07 + 0.«» 

2 S.E. =: stonc:fmd emw 

,8 

8 

8. 

t s.nr·82 

4.97 + 0.54 

. 3.84 + 0.62-' 

fl!l'. 

"" 

ft 
; 

f 
1 
l, 
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o \ ~ <:l il 0 

" . ' 
embryoa wtt .... ~t'oMd.d the "'"" m'totl,c 'nd'cet fat th. n.urectodtrm 
~ 'Ii tI 0 0 

o D 

c ) .! -; 

and the metoeMrm ~ ... rm'ned. th ..... utta orel"" ln Tabt4t C18. 

, . ' 

, " 011/18 ( 5.08 + 0.72) and 010/6 (4.09 + 0.66 )' 'Nere very .lmUar to th ... for 
- - -~ ;, • (; \ Il 

the ._ncephaflé ,",byoa front th. tNaNd i\Onmutant èraases ( 5.02 ! 0.53 and 

3:94 1ft",o.38 , Tabl. ClI7), and lOr the .. ncephoUc ,mbryot w,th th'D - . ' 

, '. 
" , 

alllorrrtai '*'Y.shape from the tNated mutant CI'OIMI ( 4.96 + 0.69 and" 
o ,Q v _ fI . ' 

3.&9' + O.~S, Tabl. Cl'). The Dt/'Sland 010/6 mean mttotlc IndIces for ' 
- Il Q ~ \'1 

, • c 

the-neuroectoderm of the .xencephbltc embryol w,th th. n.ol body shape 
8 • ' 

\ . 
tl Q Il 1:) 

hm th. tNated mutant crea .. ( 5.17 + 0.54 and 3.49 + 0.37, Tabl. C18 ) 0110: 
( _ 0_ h • 

Oh 

'Nere .'mJlar ~ th. valu. for the ."nCltphbffuc embryos frorri th. treattcl nonmutont 
" , a. 

creas (5.09 + O.~ ~d"l~26 +0.39, Tabl. Cl'). Two-talled t-tttta showed - , -
• 

tM. the m' .. Ie lndt~ at ..... tl_ ~rcl not d'lfer algnl"cantly MtwHn .". 
" ! 

two groupa ( for 09/18 ,ft·) .9, for 010/6, p •• 7-.6 ). 
" 

ÂJ """t'on" .. ".~, the '"-' ~ltot'c 'ndlpes for the n.uro- • '. 
~ 

.otofJIrtn 0' the exen';"ttc .. ~ whh the abntmt41 body ahapt front the 
1 

6 

mutant croIIII dlc1 not thow a .creoM CMW' tlme alter m._nt. Thtnfore', 
1 

when compcir'n. the OP/l'and, 0,t0/6 .a'. ( 6 ..... O. ~ and 7.91 + O. 51 , - -~ , ail 

:To"l. (14) Jo the va'''' for the ... ..,..n.owrth·~ nonno~ body..,.,. 

hM the trHtH ",utant ft ••• , a .. Nt ......... ~ WGI noMd. h 'th .. 
'il \ 

Il 
, 0 . ' 

• i , 
" , 

a 
, . 

. 9 

o .' 
& , 
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Mwa mltotlf; Incl' .. for et. fttUroectocMnft cM .... ode .. of ttMt cephollo ",nt 
'tu. ,.afon of .JCtftOtphan~ , .... Iwyot wtth a 'nomMai ~tndbody .. from ..... ted 

. mu.t~ • 

.. totloftal • 
(4Iy1houtt ) 

'/18 

10/6. 

. , 

\ 

no. ein~ 

10 u 

1. mtaft m'lotle "'dt. for the ..,.. ' 
t 

, 

9/18 10 

10/6 

" 
, , 

" " 

1 M.t. • 
,0 

l' t, 

. " 
, 1 , ' 

o 

" , 1 2 "'"" M.. + S. E. 

u 

.0 

,-

-
5.11+0.~ --

-

5.08 + 0.72 -'( 
\ 

() 

. , . 

, 
" 

v , 

o " 0 ~(.l 
. 0' ,,0 

o IJ , , 

oU," 
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.'~tlon tn. mltotlc Indices dld dt"-, .I ... '~cantly bttween ,the two ~ 
, !.J " , 

(for 09/18, p •• 05-.02; for 010/6, P ( .001 ): 

ln summary, the nomsl pattem ofmftod. In th. Clphalfc Murol 

tube tl .. __ , baMCI on the control data, was .. nQl an IncreaM 'n the mltotlc 
...... \ " 

rute of the neuroec~rma" ttau. owr the pertod of neurat tu. cl ..... and 
", , 1 

_Iy braln fonnotlon ( days 8-10). Our'n; th" aam. perlod of tlme the ra" , 

of m'toal. In the mes."'" was...., to .cllne~ 80th tncrerMnts of chonge, 

the 'nONGle 'n rate ln one tfa .... and the ~cnIGM ln t:h. other, w.,. of a 

twofold magnitude. Mftosf, ln the lMIoderm of the ...... from th. treaNd 
\ \, 

.. mutant and ncnmutant croaes, both normal and .xen~phol1c, appeaNd to be 

\M'lol-...d by the 'MUlln m.a~nt, .Ince the patte~ dld not seem to dtffer 
" . , ' 

. . ftoin ,.... normal one. The mean mftotlc IndIces for the"'".uraectoderm of th • 

nomtcIl emlwyoa mMn the treated mutant and rtOftm"tant CfCIIMI 0"0 foflowed 
• 1 . ~ 

the pottem ~d tn th. control dotv. Th. exenc:ephaltc embrya. 'rom the 
"l ' . . , 

l'I'eated mufClnt ond nonmulW'tt «o ••• dl.red frcm the control neuroect~~ 
, 1 . / 

val .. 'n tfw: rate of mhotfc C!ct'v'ty by 010/6. The exencephaltc tmbryol 
,) . , 

hn ~ trecie.d norImU"t 'CI'CIIie. shOw.d a twofofd decNcne ( frcm' 08/12 
1 

~ 

valU. ) ln the rate of m!*r. br D10/6. ". exencephanc embryol ,th the 
. 

..... , ...., .... ". the ~\t~t CI'OIIM olao ~ ~" trend, 

D1CV6 .,.. .... "0 _Iwyot w,th the ...... ..., ... """n411 a .I!$ht 

Il' 

\ 
' " a 0 

o ' 

. . 
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fr'lCNClle rn rate frem the 08/12 YGlue, though ft dtd not appear ta be al 

large on fncrease as thaf .. n ln the control œta. Th. pattem of ""tot'e 

actfvlty ln the neurotctoderm of th. 010/6 .xencephatlc embryOl wlth the 

abnormal body .hape th.ref~ dld not IMM to bt ItIc. that SMn ln .tther the 

.X8ncephal1c .mbryos wlth th. normal body shape t'rom th. mutant CI'OII8I 

or the exencephalle embryoi frem th. nonmutant crc;aes. 
1 

DevIatIon. From the normal pCltteml of mftasls ln thtae embryoa 

seemed ta be related ta th •• Hects of treotrMnt, type of brafn and hrndbody 

formatIon 1 gestattonal agt, and tluue la~r. T 0 'fJetenn ln. If th ... re lot ton-
# • 

1 

\. 

shlpa we,. slgnlffcant OlMI, th. data WQI analyzed by log-Un.ar analysls, 
1 

deicrlbed ln section 8.5. As 'Nlth th. morphologtc:al data, clnfy four 

vorfabl .. eould be anolyzed at ony one tlme 1 la that whU. slgntftcant tnteractlons 

could be .NCted, they could not be ranked for Jmportance. Seo .... wer. 

ob,talned for th. mean mttotle Index of th. hlttoioglcal materlal ( M ), the ' 
.... 

gutatfonol age of the .mbcyO ( ~ ), whether or not en. embryo came from a 

tnlatM "tter ( T ), the type of CI'OII ( N ), the tl_ .... layer hr,toroglcaffy examfned 

( L ), th. type of embryonl~ braln ( 8 ), and the embryonlc hlndbady shape (S ). 
1 

1 ~ the ca'cufoted mean mltotfe 'nd'CII MN low percentage 1' ..... « ~) 

o an orca'ne tranaformG~lon wc:a oppIled ta th., data. Followrne the l~rdI 

o 

, . 
\ 
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0 ' \ 

.. tabllshed for the morphologrcal rat'n"" the younger .mbryonfc ( 08/12, 08/18, 

and 09/6) braln type Was claaed QI undeclded, the dtvl~ton tnta .xenceph:a nc 

or nonncal be'ne don. on palt 09/6 embryol only. h the matn PUfPOM WQS to 

',' ...,rch for true 'nterectlons of the mean mrtatrc rndex var'abt. wlth any of h1~ 
\ 

, 
".If" .!..~_ '4 th. othe,. n'Md above 1 two group of four wrfables each, MTNL and MABS, 

, ' , 
w .... analyzed, 10 t'hat the mean mltotte Index wa. pcatred wlth _ch of the 

rem<aln'ng var'abl... A probablltty value of 1 .. thon csr equal to .05 for bath 
\ 

the t .... of partIal and margInai CDloclatfon WCII the er'ter'on for a srgnfflcant 

-~) contrJbut'on by any one or set of vorfabl ..... ted. Th ..... .,.Its are ... n rn 

Tabl. C19. AI mtntloned before, I1KI1'glnal assocIatIon probobnttf .. are not 
, 
1 Iffe -, ~ \ 

<1 grven for th. Mghett order • ct ( t ••• MTNL ) or for an of the ma'n .ffects 

( 1 ••• M, T, N'and' L ). 

For the nnt group of varrabl ..... Md, MTNL, thlrd orcier 
" 

.ffects MTN and MTL 'M,. .lanIReant. this rneont that second order .ffects , 

MT 1 MN, ML, TN, Clnd Tl, and main .ffecta M, T, N, and l 011 made 

.Ignlftco nt contributIons to the lntwcïctlons of thne'4Q,lobt... The o_Md 

~I,* for the fMCI\ mJtot'c IncMx WIN .rgnrn ... tly ,.Iated ta th •• ffect of 

the treatment, the type of CNM from wh'. the _bryo orJafnated, and the / 
\ 

t .... , ... belna .xam1ned. TM .c:oncI.".. of vartobl .. examlned, MAas, 1 
al .. had "an1ffcant thl~ _, effecta. Ma and AIS 'ft .. '"" to be 

""tff.,. ", ... ",ct'-, and th ............. ..,.cta MA, 'MI, MD, AI, AS, 

• 
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, TAlLE C19 o T ... of part'al and margInai OIIOCfat'_ for the varlabl .. of the m'totle ln. analytr. 

MTNL 

MAIS 

~ 1 

\ 

\, \ l ,\ 
,', 1 

1 il \ 
l " 

\ 1 

'\ '1 ..... 
1 

:'~ .•. l"~ . ,'. i __ .' 
::..' J ~t!'L ,1 t 1 

l 
.ffeJ ' 

MTNL" 
MTN' 
MTL 
MNL 
TNL 
MT 
MN 
ML· 
TN 
Tt. 
NL 
M 
T 
N 
L . 

MAIS 
MAa 
MAS 
MIS 
AIS 
MA 
Ma 
MS 
AI 
AS 
as 
M 
A 
1 
S ' 

, 
\ 

\ 

part ra' 
CIIIOClatlon 
, probabtl Ity 

0.70040 
0.0000· 
0.0007· 
O.~" 
0.51~7 
0.0000* 
0.0005· 
0.0000· 
0.0412· 
0.0425* 
0.6475 
O.~* 
0.0026* 
0.0492· 
O.0tt64* 

1.0000 
0.5147 
p.19" 
0.0422· 
0.0166· 
0.0000· 
0.0000· 
0.0003· 
O.~ 
0.0265* 
0.0000·' 
0.0001· 
0.0001· 
0.001'" 
0.0000* 

l~...(.... ~, ,-' 

.... ,{ ~ 
, " 

.., 

, 

margIna' 
aaocfot'on 
proIaabmty 

.. 
0.0000· 
0.0008· 
O.~7 
0.8995 
0.0000* 
0.0005* 
0.0000* 
0.0331· 
O.Mn-
0.9761 .. 
--
-
0.7199 
.0.8562 
O.~· 
0.0000· 
0.0000· 
0.0000· 
0.0082· 1 • 

0.0000· \ 
0.0389· \ 
~.OOOO* \ 
.. .. 
• 

" 
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i 1 0 , 
and as ""e,. 0110 signfftc:ant relatlonahtpa, ""tth moln .ffects M, A, 8, Md S 

, 
each maklng st~rftcant contributions ta th ... effects. The meon mitotlc 

Tndltx values we ... therefo ... also determTned ln part by the gestatfMal oÔe 

\ 

of th. embryo 1 and by whether or not the braI" and hlnCfbody structure we ... 

normal. It Is interesttng to note thot the hrndbody (onflguratlon ( nonnal 

or abnormal ) was aiso slgnlftcantly related to th. age of .ne tmbryo and ,th. 

type oF brarn developm.nt (normal or exene.phane), Int.ractlons found , 
prtv'ously ln the ancdysls of the morphologrCXI1 data. 

ThUl any grYen pattem of mltotle activlty seen durlng the' 

~rfod oF neural tub. elosure was dt".ndent on th, age of the IImbryo 

and the'type of trnu. belng 8)Camlned, wrth any VCllue for th, Mean mftotle 

tndex show'ng varlat'M wlth Hm. Clnd glVln tIssue type ( i.e. n.ur~ctodenn 
1 

\ 

or maoderm ). Th. control data showed that th. rate of m'tell. Increased 

;:~ 
""lth ttme ln the nturoectodtrm, and ct.creased wlth tlme ln the mesoderm. ' 

, 
"r' Dt fferencas ln m.an mltetTc Index values "" .... also related to th, effect of 

treaiment, as welt os to the development of Clbnormal braln and hJndbody 
, ~ . , " conftguratlons. Aftar ,,,.,Iln treatment, lt WCII nONd that the mean mitotlc 

,-

Index for the neuroectoderm of the IXtncephal1cs From the nonmutant crosses 
. 

thowed a dtcrease over ttlM, ""rth the 010/6 value faflfng below the 08/12 
1';:,1; 

value. Th. value for the mean mltette Intàx by 010;6 far the exencephaltcs )~ ,. 

~ 

~ 
\ 

~) 
\, -c<!' 
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wlth the abnormal htndl)ody from th. treo'ted mutan't croaes dld not show a 

slmflClt declfne below th e08/12 value, but alla dr/notcshow CI'! incNaSe ln 

m hotte rate on th. orcier of that IMn ln th. control data. Th. type of crea 

( mutant and nonmutant ) from whfch the embrya had come, and the administration 

of Insulln, wlth th. subsequent development of exencephaly and, ln same cases, 

an abnra' hlndbody conflgurat1on, 'Ile,.. 011 SMn to be stgntflcontly related 

'to a glven value for the mean m'totfc Index. Thus the pattems of m'totTc 

aettvlty SMn 'n the neuroectodenn and the m.soderrn of both control and treated 

embryoa durlng th. perlod of neural tube clOlure were due to tM sJgntflcant 

.INcts of the varlabl_ drscuued abov •• 

fn addition ta .termlnlng the rate of mltasis, the general 

appearance of the neural t'al» on these codld slldes was noted. Th. neuro" 

.etoc:lermal tt •• of bath control and treated .mbryOl consistee! of a pMudo

strattned eplthellum. MoIt mttaeel we,. obIerved ln the layer of cens thet 

Ifned the lumen. n... cell. were .lIy spott.d due ta the pmenc:e of lorge 

nuet.r contalntng condlrud chl'OmOlCmes. C."ulor necl'OI's, characterJzed, by 

cytoplOlft'lle shrlnkage and the formatIon ('f darIc, dense, sman nuclear bodl .. , 

WCII not sten ln the treaNâ tfaue beyond the lIII011 amount also Iound ln the 

control tr.ue.· Grea chantes ln amount of the tl ... WI,. not vls!b' •• 

, u 

'1 

i 
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ExencephalTc embryos exhFbtt.d an open neural tube and the 

,ublequent foldfng of brat" tissue was reFlec:ted in the lrregularlty of the 

neuroectodermal shape ( Figure C35). H owe ver 1 histologic:ally the neuro-

ectoderm remained normal, showing no signs of necrosis. 

Abnonnalities of'themesoderm were not 'detected in the seétioned 

moterlol From the untreated mutant and nonmutant crosses. The mesodenn of the 

embryos, both normal and exencephaltc, from the treated n'cnmutant crosses 
l , .' 

also did not show signs of degenerat ron. There was nelther cell neerosrs nor 

changes in trssue bulk. From the treated ~utont crosses the exencephallc 

embryos wlth the normal body shape and the unaffected embryos also exhtblted 

htstologically normal mesoderm. However 1 the exencephalic embryos whh the 

abnormal bOdy configuration showed areas of somite dtsorganization Jn the 
\ 

thoracfc and lumbar regTons of the axial mesodtrm. The cells of the mesodennal 

tIssue were not necrotle, and normal amounts of the tissue Vlerl present. The 

dewloptng somites, though compoM~ of healthy tIssue, were mrsarrgned olang 

the uPP'tr reg~ons of the neural tUbe ( Serf. Cl ). this WQS seen 1 as eorly as 

09/12, only ln those embryos 'Nlth th. abnormal body shape. The somite 

al:lnonnaUty dld not ex"nd below the lumbar spInal N8Jon ,end was not ,Mn 

ln the cephalfc reston of th. neural tubtt. 
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~er1es Cl. Biltological sections of normal and abnormal neural and 
somi te tislue. 

l' , 

" ;, 

, .. 

" ; 

, 1 

A. A tran.ftne section throu9h the thoracie regioo of a 
09/12 normal embryo from an untreated A x Cd/+ cross. 
somite (.) development, proceeding nonnally, is readily 
visible (haematoxylin and eoain).. sv, sinus venosus; n, 
neural tube l m, me80derm. X Il 

B. A transftrse section through the thoracie reglon of a 
D9/1:a exencephalic embryo with an abnormal hindbody 
shape from Il tréated A x Cd/+ cross. '!he somi tas (8) 
are pcorly formed, with only rudimentary grouping of 
the tissue pre.ent (arrowa) (haematoxylin and eosin) • 
n, neural tube,uf' dorsal aorta; a, atrium, mt, 

l, 
myocardial tiS5 ; m" meloderm. X 11 

C. 

D. 

A frontal section through the lower lUllbar reqion of a 
D9/12 normal. ubryo fmm an untreated SWV x Rf!+ cross. 
The developinq IOII11te8 {a' are properly aligned within 
the _8Odel:1Ml ti.aœ (haematoxylin and 8Osin) • nc, 
neural tube. X 10 

A frontal section tbrough the lower lumbar reqion of a 
09/12 exencepbalic embryo with an abnormal bOdy shape 
fX'Cllll Il tnated SWV x Rt/+ cross. '!!le somtes (s) are, 
poorly fomed, wi th luge Ipaces (ar;ova) where they 
have failed tD fon. 'l'he td .. ue la highly disorganized. 
Due to the leven twistinq of the hindbody the neural 
tube (ne) la not .&en as an elongated canal structure, 
as shown in C (haematoxylin and eosin). X 10 
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1. A tfanMmI .ction thtcqh the ~cic .... '_ of 0 09/12 
uenClphctUc tntbryo wlth an obnotmral hlncIaod). shape ". 
CI ,,"Nd A x Rf/+ cn.,. Therlis ~ to .. ~ lack of somttt 

. "" ..... t 1 with r. spa. ( GITOWI ) ~ ln the 
""rtnal Haut, ( m ) 1 wMte som'" ont normaUy locotld 
( 'haernaroxyltn aftd _Qlln ). a 1 atriUM; n, neural hM; 
d, dorsal carta; ntt 1 ~I tftsue. X 12 
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b.ncaphollc embryOl from Rf,4. x Rf,4 and CcfA, x Cd/+ CI'OlMl 

w.,.. colJ,cNd on 09 and .rpbeclded 'n an attempt to Itudy .. ctlon. of tlau. 

for th. abnormal1t1 .. l~ the m .. oderm des,crfbed abov •• How.ver, mOlt of 

the .. .."bryCi had already .tarted to resorb, and th. ",,~'tont .xtenslv. 
Q 

nec::raMI prewnted th. n.ceuary pres.rvatfan of th. tillue. Thua ft waa not 
[ 

poalbl. to obtaln .tat1.factory •• cttan. for studv Fram th .... mbrvOi. 

9. E,r.ctlven ... of glucOM luppl • ..,.n" 

The blood OlucCle "alues,for each ,tualn and for th. glven concUttont 
, , 

went " the averoo- of two sampi... Two hOUri prlor ta Insul ln treatm.nt th. bload 

gluaa. conc.nftOt'on wOa 110 mg pel' cent for the A/J Itrafn, ond 161 mg per 

cen~ fora the SWV. T~ heurt $liter th, tnl.etfon of 'Mu"n, w'thout fi O,lucCIM 
• , 

.......... nt, the ~oad glUCOIt level had .CNCIied ta 58 mo pel' cent for the AI J 

femell .. , and 54 "'1 pt, OItnt for tfte rNV. Two h~ of ter the '",ulfn t,.c,trnent, 

and one hour alter the ""nfttratlan of a .Iucoee iupplement, th, blood alueoee 
ô, • 

I.wt wa. 158 "" pM.fJljnt for the A/J straln, and 1~ for th. ,SWV. Th", the 
} 1_ IJ 

"'tian of 'MogMlOUt live.. preventH .... IIWN cIfop 'n the WOod glu .. 
1 

" " ~ ~ 

"OMtrat'," norMolt)' ..., oftw the _'nfttrat'an of '".,lfn. Tabl. C20 
, 1) 1 ~ 

, Ihows", ,"",ueno" of • .,cephaly omont the oIfIpr'''' of the .... that 

,..,'*' .Iu ... ",'4HIMtftft 0_ the ,,,,,,,m ..... -.nt., The '""'~ ... ,re 
,'[ 

, 
)' 

-1' 
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TAIU C20 

Frequtnclet of .xencepholv 'ri the mu .. t and nonmutont ..... .,..ted wfth Ins,,"n 
• or tnaut1n + ,IUCO\Ie. 

.c .... 

Â x Cd/+ ~ 

Â )C +I.f!.d 
~ , 

Âx Rf/+ 

Â x ~R' 

WlVx~ 

SWV1x -,/+Cd 

$WV'x Rf,4 

sWvx+/P 

," 

. \ 

,,\. .: 
,> 

" .... phaivi 'NUHn treatment 
( ... ..,.,... wortc ) 

-::? 

\ ' 

,l,' 

, . . \ 

0" 

20 

S. 

30 

73 

13S 

M 

39 

.' 

, .' , 

() 

1 (,J,/ ~ ~~, '-If 

,;' }~:.,:~ ,': X" ;'::ji,',;~,·" 
.,: i ... -:'.:.,! ~ ... -r' t ~ .~-\. .... ;~ r t\~'" t 

".xenoephal~; Insulln + OIUCCIM 
tNolNnt 

\ 
37.5 ( lJ/32 ) 

23.3 (7/30) 
, 

52.9 ( 18/U) 
1 

35.7 ( 10/28 ) 

/ 
73.1 ( 28/38 ) 

~.1 ( 13/36) 

80.0 ( 21/35) 

41.2 (1~) 

l' 

.. 
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compared to th_ ~ta'n.d from the dose...,..ponae study, ln whlch the ."'ch 

of Insulfn alon. w .... stUdf.d. The ~~, .. appeo ... d to be unolt .... d by 
~ , 1 

the odd't Ion of glucOie after Inlulfn tNa .nt 1 and X tests of fndependence 

.how.d an~ d'ffe~nce. to be nonalgnfflcan. Th .... fet:e, although ft dfd prevent 

hypoglyc.m 10 ln th. femal. 1 th. glucOlt w In.ffecHv. In proteet'ng the 

dtveloptng embryo From the .fflets of the r ulln. " 

. ,. 
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O. OFscua'on 

1. o.ne-teratOgen InteractIon ln 'naulfn-fnduced • .,ceply 

and retorptlcn 

TM femal .. From the CI"OIIII temd ln thl, .tudy 'Ne" Inl.eNd 
~ w'''' cne of .'leNt c:kwet of 'nsunn, and the doIe...-..pon .. CUIWI for both 

tnavUn-fnduc.d .-.phaly and NIOI"pt'on ft ... "",,tned. Prob't analYl'" 

'\ .,.c'ftcally _'gned to _1 wlth quantal NIpCIft ... , WGI."'pl~ to de""".n. 
',' 

........... lon If.,... TM .Iopee of th. prob't ....... ,on If.,.. .. n.ct the rate 

of the ct.wtopmental proceII, belng elther the formatIon of e.ncephaly or 
\ 

the cJ.oth of the .",bryo. Pa"""., If.,.. Indlca .. that th. rate of a procetl r. 

the _ for the ,fven 8roupI of ICImpl... If the ....... ron Un. are not' parall.1 

then the ni" of the d.Yeloprnentol prOCIII 1. drf'feNnt from one group to the next. 

The quol1ty, as wen CIl the quantlty, of tt. ....... of the _bryoI w'thln one 

group to the treatment f. un fque. In ...... étt'" doIa-r..,on.. l'MI 'nfe, thet 

the b'ologlca' meehanftms at wortt 'n 'the formatfan of the malformatrcn w,thln 

one lf'OUP a .. dlffwent from .... act'"" upon the othe, group. 

j ~~ 
~ 1 \' •• l 

.. ~ J":I , '. 7. 

For lnaultn-tnduced exenoepholy, ln the c,.... tnvolvlng the '~ 

A/J femol .. , the probtt ...... tan 1"- for the mu ... t c,.... ( A X OJ/+, A Je 
1 

Rf/,+) could ,. ntNcl te a COI'ftIrtGft ,1.,., Indrcatf"" tW the 'n.".,..,.tly fttNd 

tlopli "'cf not df., "plft __ !ly "... CM ",other. The proIIft ~rOl\ If .. 
, 
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\ 

for the nonmutant crosses ( A x +/+Cd 1 A x'.f/,+'Rf 1 A x A ) courd also be fttted 

ta a common 510.,., one' that wos slgntftcontly drfferent from that of the 
1 • 

/ 
mutant cross,.... These resuln ware dupltcated ln the crosses 'nvalvlng th, 

1 
SWV femûles. The meanlng of these dtfferences in the slope volues <;,f th. 

problt regresslons may he better understcod rf one converts the frequency 

distrIbution, of the ,e.ponse over the ron9' of doses, seen ln these crosses 1 

to th, dlstr1butlons of toleranCles tho} und.rlie the response. Th. tol.rance 
1 

of a subieet Is a meosure of the tendency to respond. Th. und.rlylng tol.rance 

dfttrrbutlons of the rtsp<lm' fft CI nonnal dfstrrbutfon. AI destrlbtd earU.r 

( sectfon B.3 ), th. obI'N,d Frequenc'.s of the respense ore converted to 

problt va 1 u.s , whfch repruent set Increments of devfatlon from the mean 

. rttpen... ~ ptoblts may, ln tum 1 he aalgntd ordtnatt values of th. " 
\ 

nonna' tUNe ( page 157, Rq,hlf and Sakai, 1969). If th ... valut. art plotted 

agarnst the logarTthm oF th, ~, the normal dlstrlbut10n of th. tal.ronce 

un.rlyln, the responat ls obtalned. The .. art shON n for th, probft regrenlon 
1 

lin .. of th. À crout. In Flgure·Ol. One con tH tha. th. respanse of th. 

emtwyoa From the mutant craaes ( 1 and 2 ) .xtended oYlr a mu'i:h na"ower 

range thon the .... pon .. or the tmbryw hm the nonmutant~ ..... (3, ., and 

5). Theat fs ta IGV f the varfonctt 0' the tol.ronce cfft"fbut'ana for th. mutant 

CI'OIMt wtrt l'noU., than the varroncet for the nanmutant c:...... Wh.n 
\ 

. " If' 
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..... dfatrfbutlonl a ... converted ta Q If"", reprllMntatlon 1 the II'IIGller 
1 

vor'ancea are Iftn CIl sfMper slopes of the ""... Th~ the problt ,.. ..... ron 

Il.,.. for the mutant CftIIIft paal'" s .... r .Iopes, and the common "ope 
. . 

waaal.lffc:antly dtfferent From the one for the reglW1ron Ifn .. of the nonmutant 
• Il, 

CraIIeI, al detenn''*' by a statf,t'cal prootdure. 

ln blolaofcal tenns, tht. meant that the _brycI From the mutant 

c",.... IWpCInded ta the rnluUn treatment by developlng eXM\cephaly by 0 
\ 

meehan ltm that WGI d'ffenmt From the one actlng on the tmbryol From ,the 

nonmutant CroIIII. The mutant crcaet, havtng heM~ mal .. QI st,.., 

generated a populatfon of both wlrd .. type and heterœYVoN offsptfng. To 

poINla .. the ",...."c:e of CI ..,.-teratogln lnteractfon ft had ta be malntarned 

that the he"rœY9OM embryoa we ... the OMS mpondfng ta the teratogln by a 

meehanltm dlffMnt frGm the one pNMnt 'n thé afNcMd wlfd-type tmbryol. 

~ exencephaly WGI tnduced 'n tt. embrycl of the nonmutant ctaI* 1 It follows 

that tome of the exencephaUc embryo& from ttJ. ,mutant CreMI weN wlld-typt. 

Howher, ff a l'rue InteractIon _,.tI, CI .lgnffTcantly la,., proportron 01 the 

..,.,hatla from the ""tant CI'OIIeI should'allO carry one of th. mutant geMi. 
e 

The CroaIaId-tafl ( Cd ) CIKf Rib f~IOI'II ( RI) mutant genet 'n the., heterozyaoua 

~ both affIct "'etal deYtlopment. Cd/+ ml. pOIIIII "-d, _If, or 

'"""for ... ven.brol CWiO, and Rf/. mlce hcmt f1Md ,11:.. Âfte, clear,", 
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\ 

and starn'ng th. de.l.tons of th •• mbryos from the SWV C1'OIMI of the cfo&e-

.... ~ study rt wal determln.d l'hat, ln foct, a "gnff'tcantly grecter number 

of th. embrvos wtth th, rTb or v.rtebral defects were alto exencephallc. Th •• 

su .... d that the Rf and Cd genes had tnteracted wtth the teratogen. 

The I",ulln-lnduced resorptlon data w .... QI~ fttted to probJt 

... .,...ron lin .. for each of the croaes. For th. croaa wrth the SWV femar .. , 

th •• topes of th. probrt Ifnes for both the mutant and nanmutant crcaes could he 

fttted to a common slope. Therefore thae regreaton Il,,,. w .... 011 parall.1 

to an. another. For the crcaes wfth-th. A/J Moles, the probtt regmstan 
<...- , 

Un .. for the mutant CfCIMI were paron.l, QI weN th. Unes for the nonmutont 

CI'OIIMI.HOwever 1 the common slope For th. probft ftMl of the ~t croaes 

d'ReNd "gn"'cantl)' frem the one fat the problt Un .. of the nonrnutant croae •• 

Furthermere, for the rnutant~ ..... , the carnrnon .IOpe far-the Induced reIOI'ptlon 
1 

,....alon Ilnes dld not d'IMr slgnlncantty From th. one for the lnduc:ed exenc.pholy 

,......1011 Unes. Wt.t thr. comparflOl'l WQI repeated w'th th. common " .. of 

th. regrea'on Un .. for 'nduced .x.ncephol)' and resorptfon ln th. nonrnutant 

~ th. SCIM,..,"I\. were found. For the swv CrolMl, on th. oth., hand, 

the cammontlope of the parall., ~ l 'net for !he resorptfon data dfd not 

d'fie, .,,,,If'cantl)' from the CCII'Nnaft tl. of the 'nduced • .-ne.phaly ,. .... '011 

If.,.. for the nonmutant Cf'OIIeI. If the if. chcm:Icterfz .. the nature of the 

, r •• ,DolM, and .m-,. ..... tl .. en not at.,lftcantty dl~t, ft 't then 1 
Il 

~. \ 
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t.mptrng ~o specula .. thet, for the SWV CrOlleS 1 th. ",derlylng b,tologtc:al 

m.chan 'am .voJc.d by the, lniunn adm ln htratlon and oct fn; on the embryOl from 
, 

th. ncnrnutant ~oaes ta produ~ the braln malformatt~ '1 the same mec:hanTsm 

.... ponlfbl. ,for the retorptlon of the embryos front both th. mutant and nonmutant 

Cl'OMS. Simllarly for th. A CI'OISeS, th. embryos from the mutant croaes mofb 

and develop exenc.phaly by th. actIons of the sam. mechanlsm, a rnechanlsm 

thot Il dfstlnct from the one acting on th •• mbryos from the nanmulant Ct'OIIeI. 
, • 1 

MON speclffcal1y, the m.chantsm actIng on the h,"rozygoM ,mbryo. from the 

mutant crosses ta reeorb and • .,.Iop .xencephaly shauld he dfstfnct frOm th. 
, 

one actlng an the wtlc:J..type .mbryo. from both the mutant and nanmutant CroMl. 

Vet, sevenaL.foeton argue .'l1It thts COI1CAtpt. 

,The embryos hm InsuUn m.ated croaet were 0110 call.eNd and 

..m'ned durlng the perJocI of neura' tube cl ..... and early bratn formatfon 

(08-010). When the frequencr .. oI.)Cencephaly of t~ .mbryo. w .. 

COfttpInd to the frequenclet, hm the ....... .,.,.. ,tudy; ln whlch embryos had 

~con.cted ct a la",_ gelNtfonal ap, the À CJ'OIIet showed ,Igntftc:antly 

hlther freq,"",cJes of exenc:ephaly arnang lM ~gtr embryot. Th. SWV 

, ~ dfcl Mt show sr.,lncant c:hGn", 'n the frequencr ... AllO, approxlma"'y 
, 

30Wt of the -hrvot ....... the tnlatH Mutant cr •••• , collecNd on 09 and 0110, 

uhltthd (1 ................. of .... Md, ...... For....,.,. to he, .xpanded uport 

't.t the latter pwt of tft'- .,.., thew emllryo. ww. ÔIIffeved ta be c«v+ and 

\ 

!Il! •• ' IIJ!Z _______ ---------......:..-- -- -
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Rf,.tt. embtyoa. The older embryot (Ol~ or 018 ) colfected for the dcM",..ponse 

Woftc Mwr demcn.trated thete extrerne .x .. mal body shape obnormolttl ... One 

poIIlbl •• xplonatlon for the decreosed freque~cf. of .xencephaly ln the mutant 
1 

CfCIIM. (A/J 'emol .. ) compcted of th. aider embryos c:ould 'nvolw a mechanism 
f 

'n whfch th... obnonnal body shaped embryos w.re sel.ctfvely morbed betw .. n 

days 9 and t.. V.t t lM h 'gh hquency of ex.ncepholtca collected from th. 

mutant CroaeI for the daM-respon .. ltudy 1 whOM futed rft:. or abnormal centra 

l'ftCIriced them cR heterozygo ... , argues OF lntt th .. ex 'Itenee of luch 0 .. chan ~. 

AllO, ft does not expia in the deCreaM 'n frequencr .. omcng th. ncnmutont 

CfOIMI (A/J femol .. ) COrnposed of'tfMI older embryos, whe,. the mutant genet 

were not pment. 

Thua ft WQI not poalble ta relote t'NO dffferent respanMI ( exencephaly 

and t"8IOI'ptfcn ) of the eml:wyo ta one onot"" Dy a commcn bf~loe'~1 mechan'Im. 

Furthennore, If the "ope te"...nts *he rate of seme devefopmentol proeea 1 

" 
nndfng two dfffwent responteI w,th the same rate may yery weil not be 0 volld 

l'MIOft to propoee thot the un_lyln, btologtcal mechanlllftl ot work must be the 
" . 

ICIM for the two proc.... The ortlU"'*'t that the ~ of 'nduoad resorptlon 
" 

and,lnducad e,.,c:epholy ore related r., of bltt, (1 weok c::IM. 

] 

\ . 
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It t. far mor~ interestlng to compare the dose'-response curves 

for the AI:J crosses ta those of the S~ crosses. The same tyPe of response, 

I.e. brain malfonnatlon 1 could be compared. However, the slope of Q probit 

regression line is representotive of the response only over the range of doses 

used. tlnfortunotely 1 it wos necessory to administer higher concentrations of 

insulin to the SWV Femoles, which elimlnated the opportunity to conduc::t 0 

bono ftde comparison. Keeping thfs in mind, it is nev~rtheless intriguing ta 

note that the common slope of thè r.t!gresslon Iines for the mutant A crosses dld 

not -d'ffer s1gnificantly From thot for the mutant SWV crosses. A comporison 

'/of the common slopes of the regresston Hnes for the nonmutant A and SWV crosses 
\ 

olso found nOnsigntffcant differences between the values. It mlght indicote 

that the gene-teratoge" tnteraction wos lndependent of the gftnetic background 

on whfch the mutant genes were plac.d'. However, th" cauld only he concluslvely 
Ilr 

.,tabl 'sh.d by outcrossJng these genes ta other rnmd stratns whose toJeronces for 

'nsulfn fell w'thfn one of th. rangtl of dose,s used.Jn th.s study. 

2. The terotogenfcfty of fnsultn 

Ext.nsfve work ha. be.n don. In an Clttempt to dete""'n. th. 

teratogentctty of 1"lultn. One of th. maior questtons surroundlng th. fu __ has 
1 

been wheth ... Insult" acts d'rectly on th. devefoprng .mbryon'c tIssue, or whether 

1 

1 
f , 

l ' , 

, 
r 

" 
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the hypoglyœmla c:a..-d by the fnsultn treatment rs th. agent of action. 

Mott of the atud'" haw '"volveel th. use of chIef< embryos. Landauer ( 1945 ) 

Md noted that pAlncvbated ehtck ""bryos tnlected ln th. yolk sac wlth lnsulln 

dewloped a hlgh fNqueney of rumplessnesa. Thls malformation I, characterfzed 
\ 

by the at:unce cf the fan ".,..Ine. Such a reaponse ta the 'nsu"n trtatment 

could be eltctted up ta the thlrtt.th hour of Incubation, fonow.d by a dec:Une 

fit the fNq~c:y ta 0% by 96 houri ( Landau.r and Bllu, ~9~). Such a dec,.. 

ln Itwt fNq"",cy WGI wefl corretated wlth th, estobllshment of cJrcu'atlon ln the 

embryoa. At th" ttme, Mwewr, Inieetfons of Insulln produced mlcromel1a, a 

defec:t of the rong banes of the appe~Jcufar skefeton, and parrot beak, a 

sh."...,lng of the rriaxltlary boMt. Landauer hod shawn, theNfore, thot the 

treatment aRee*, dlffeNnt~tlu,* at dlffer.nt perlods tn de\lelopnent, but atllt 

had not concl",f"'y deman.I'n:tNd thcrt the 'nsu"n WCII aetr,. d'Netly on th.. 

tlllUlll. 

Maeeley ( 1947) studled the .~Iopment of fntulln ~Nd chlcb 

dwlng the ffrst ~Ix dayr Of Incubatron. ',.,Un had been fnieeted 'nto the volk 
, l ', o.. 

IGC pr'or toofnCulilatfon, CI'd the wnhryo. were....,htd for the ,".-Ion of 

"""" ...... The c:cMM1 ~flt ... betan to appear ot 02.5 of IncubatIon, 

when tM t .... of the toit .... ni MOIt" ...,cn"""'tlatecf. ctrcufotlon waÎ not 

, , . 



" J • 

f 1 

" 
" , 

'\') 

~t lltablf.hed, Clnd the gut CClvlty WG$ stfll .xpoMd to the ftufd of th. yolk 

IGC. rt WCII concluded thot th. fnsuUn could dlNetly recrch th •• mbryon'c 

tl.ut, caustng 0 dJsruptfon of 1»11 dMsJOf'I and th, luluqu«tt degeneration of 

the tfttue. The dlsruptlcn of carbohydrate m.tabol Jsm after insul fn trecrtm.nt was 

demanttrated by ZwlJ1Jng ( 1951 ). H, fnl.eNd rnsuUn tnto the yolk sac on day 

n'le of Incubatton, friducfng m lcrom.nd. Total carbahydrate 1 fre, sugar, and 

elycooen W'N oaayed 'n bath th. yoi~ soc and the embryontc m.mbranes. 
/ 

Compared to the control values 1 the tMulin treated yottc SCIe show.d a sfgn fflcal'"lt 

lncreate ln total glyeogen and total carbohydrate concentrat'ons, whll. th. blood 
. , 

from the vltellf". veln of the chJcIc embryo .how", a' .c ..... In total carbohydrat. 

and ".. su ... I.ve'.. It was ,.It that th. t.,sultn acted on the yolk sac membranes, 

cauatng ~ 1n.f1:fbltlon of glycogtnolytt., whlch ln tum prevented the ... 1 .. of 

gluCOllt needtd by the tmbryo tG matntQ1ln grow~ and dfff .... nt'atlon. 
~ 

l f v 
Once th ..... t 'n carbonydrate m.tabollsm WGI .. tabl'shed, ft ntit 

btcame ntCIMry to .termfnt ff th. .ftet wat dut to 'nsuffler.nt amounts of 

su"trate, 1 ••• glu~ 1 .. due ~ hypoglyeernra, or cM ta th. bloclcooe of a 

.. cIlie pothwoy tn the prooea of .... tratfon. Wh.n ;Mutln hMtm.nt WCII 

., , ..... """" .. wlth ~ ...fc .... 'ufatlc Gefd '( Zw fi lin, , 1949) • aod''''' pyNYClN 

(.~ ~ 'lMl ), ft';" f'cKM that the occu,rence of rumpl_ WGI obIMt. 

Ntcot"''' dfd not oft'w .... ctloet .tIIIIt "'*,U,,-JnduOld rumpl .... , !Nt 1 

'. 
l ' 
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dld p,..vlnt tnlU"n·l~duc,d mlcrom'Ua ( landauer Clnd Rhod .. , 19S2). Th ... 
') 

agent.,' ln combfnCltlon wlth Inlulln 1 prtv,,,t,d th, occur ... nc. 0' th. d.ftct 

ln th. prtllnc. 0' a dtcrta .. d blood IUFr 'IYlf. Th. 'nf.ctlon of ,uffan Ita-
,f, • 

m tdl, whlch hal no .fftet on the bl~d lugerr I.vel,' l"ta ~h. yolk lac 0' day 4 

'. chlck .mbryOl a!lo producld t~ mlcrom.Ua 1 mutcl, hypopfasta 1 and parrot btalc 

I •• n cff.r InluHn trtatm.nt ('Zwl"'nQ and D.8tH, 19.50}. Barron Clnd McKe"zl. 
: 1 • , 

( 1962 ) performld Ir! v..!!.!! .xptrlm.nl1 w1th th •• xplant, 0' doY' 2 - .. ch lek 

.mbryOl. Th. Inlultn-treattd truue wal gl'OWn on m,dlq luppl.mentld wlth 

dfpho.phapyrfdln. "uelloHdt ( DPN I~allo knoWn al NA">, or the rtduced '&nn 
\ 

of th, coenzyme ( DPNH). DPN prot.ct.d th. t'"U. rrom Inducld mlcromllta, 

"tl rtduCld form dld "ot. Thly alla d.tlrm Inld that most of th. n lcotInamIde 'n 

th, chfelc Imbryonrc t'NUI WOI p ..... nt a. DPN. Th,y conclud.d thot 'n.ulf" 

IH.ctlvlly blodc.d tPte DPNoomedlatld pothwaya 0' carbohydrat. m.tabotfsm. 
\ '. li 

Th, rnabrtrty of the DPNH to oRtr protlctfcm lu;geattcl thot th, rto)ClcIotron of . , " ' 
D 

"duo.d DPN, "'8I"","n, th. c,Cllnlym' 1" tta acttve folTl'\, courc! he th, mttaWtl rc 
~ , 

.tep block.d by INUIIn. ..' 

, Sulphonam''', lcnowft for th.'r altntt)' to dr,,,,,,t the runctl"'nl 
, 

of DPN.n"~ei-de~, allO ca_d '",ulfn-trlc, malformation. 'whale 
" , 

fNctutnor. 'Ne'" ffmtn~d when nlcot'nom'. wall' .... " QI wtU (Larfclaulr and 

WakCItUgl , ,19" ). 

f<'" 
r 
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Thua, th •• ffecf of Inaulfn OQ car&ohvdrate m.tabol*" WCSl 

~\ not .fmply on. of substrot. d.pl.tlon. lOlt oF avartabl. glueos. was •• condary 
~ 1 L'tl 

to th •• f"ct of Inlultn on th. OPN-m.dfatld pathway.. A I~I af funetfonol 

DPN would clos. down not only th. Krebs cycl., but 0110 th. transfer of 

hydrogen atoml to th. electron tronlport chaIn', 'r~ whlch th. lar.at 

proportfon of c.llular ATP 1. d.rlv.d. Th. Ixptndftur. of ATP l, tnvplvtd ln 

many .n.rgy r.qulrlng proe ..... , Includfng ctlldfvl.,on, ond lou of thl. malor 

~ntrgy loure. could only I.ad to •• '1 .... d',ruptlon of e.1I act',1.'''. 

In,mammals, th •• huatton ,. eompllc:at.d by th. presence of 

a placenta. Defeets ln braln, vertebral, and db dev.lopment have be.n 

.. tabl 'shed a'ter Inlulln .... atm.nt ln mlc. ( Smlthbtrg and Runn., 1 1963). 
• 1 

Tolbutamldt, whrch 01.0 .IOW'11 th. blood lugar I.vel, productd malformations 
" 1 

,Imllar ta thOiI of lnlulln 1 and nlco.lnam'. suppl.m.nts dld no. protee. aga mit 
, ; 

u v 

the .'ftchl o'v toi buta," 'de or 'nlul ln. There'Of'I th. authol'l cOncludtd that the 

hypoglycemta produc:.d by the tNatmenti WQI the actrvt teratogtnfc agent. 

Prt.v'aue'Mp'r'menll whh m'ce 'n'*hfoh fattf", On D9 Ild to lubltrate dtpl.tlan, 
~ 0 

'"d'cated by .c~ ôlood l''ICI' I.wl., also productd .)C.no.phaly'~"d 

virtt,"' ."0" ( Sm'th_ralt 01''', 19!61 Runne" 19"'). The -'011 WIN \0 - _ < \ 

eUmtnated ff ,IUCOM WGI acfrnt"t.tert.d to p;ewnt the .. 'n bl~ IUFr. ft, 

had 0110 bien .hawn that loDtl1d Inlulfn, wh." rnl~c .. d tnto ~nt rata, dfd 

not c,. th. placental ba,,,r.r ( Goodntr !t !f, 19" ) t, 
1 

" 1 
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ln the p ..... nt .tudy, t)(,ncepholy WOI found 'n the oflspr'", 

of \ftmale mlce' treat.d wlth fnsuU" on doy 8 of gestatIon. RIb ond vertebral 

malformatIons w .... also pr ... nt ln som. of the treoted embryos. Analytf. of 

th. frequencte. of the ,rb and v.rt.bral malformottons ln offsprlng of bath ~h. 
o ~ 

mutant and nonmutant cross"1 treated and untreated, show.d that th ••• 
~ 

abnorinatltre. w.,.. due to the presence of one of the mutant gen .. , Cd. or Rf 1 .. 

, " ond w.r. n~t c~~ •• d by th, treotm.nt. Treatmtnt w'th glucosi chortly \oft.r 

the tnt.cHon of fnlulfn avofd.d hypoglyeemfa by mafntaJnln9 the blood .ugar 

I.~I of th. tr.at.d femat. w'-t~'n -':;~;af Îfmftt. Vet th. Frequener .. of 

.xel"lcephaly w.,. not sfgntflcantly alterad by the admInIstratIon af glucose 
, 
\ 

after th. 'n.ulfn rteatment. In th!. expt:dment, a dec,.alt ln substrat. 

avaUabll ft y ytClt"-not the ma'" factor drsrup~'ng carbohydrate m.tcabonsm. Further , 

.tuâTes, u.'nCl nlcotlnomfd. ta .upprell th. actIon of 'nlulf", ,are n .. d.d ta 
l 

det.rm'n. If th. ~'aturbanc. fnvolws th. NAO...."edfated pathwo~ ofaxfdCItlv. 

photphorylatton, CIl lugge .... d by th. \York on chfck embryo metaboHII7\. 

ft fi hfghly poutbf. that th. tr~na octed drNetly on th. embryon'9 

H.~uof th. aH.cted offtprrna fl'Ol1a the trtoted c~. Th. embrvo ... " .. on 
, 

nutrt.n" 'rom th. yoUc ICIC for .. veral etaya alter fmplantatfon bere". the .. tabllahment 

o( true placenta lote- D8 or earty 09 ( G,..n, 1966). o..,.ratlve chan811 occur 

,,.. th. ." •• trt~ caIMr '",plantatfon 'n the uH,lne woU. Thl. caUiet tM rupture 

- . 

, . 
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of blood-fflltd ,mUIOI. ln th. t .... lurroundJng th •• mbryo, flIllng th. cavlty 

around th. embryo w'th brood nom the maternai clrculatory ,ystem. Though the 

yoUc lac ,~rroun. the .mbryo, a true mterlng proce .. "I.tabltah~d only wh.n 

the placenta la ter formt. n,.,.fore, rf th. placlnta hoa not _n flrmly 
" 

.. tablf,hed bv mrd 08, the 'n.ulfn could NClch the d'Ife,."t'at'n, t'uues of the 

developfnO embryo and dl,rupt normal cttlulor actrvlty. 

3. The underlylno blologlcal mtchan ftm of the fnteractlon 

The ttudy of ""toIl. In the neural tube WOI ft"t undertalctn by 

Sautr ( 1935). The cloture ,f the Mural tube ln chfclc Imbryos WClI exam'ned. 

ft waa found that, CIl the tlaue on .Ither _Ide of the neural grooVi 1. puthed up 

ta fann neUf'G1 101., th, neuroectoderm blcorn .. characterlzed by eolumnar 

tpJthel1at type cens la~red th,.. or four dMp. The balai endt ( oppot'te tht 
1 

tr. IInlng the lumen) of the C.na were htghly lA\even and tatany dttached From 

orte onother, CIl opp .. d to the aprcal endl. The latter st. pot.tttd numtroua 

te,,"lnal ba,. attachtn, the cali. to lOch otM, at therr ,,.. aurlGc.. ~ the 

neut.1 fol. approached fuir- 1 the CIl'" he .... more .fongated, wlth rnany 

mare layel'l of muel. f ..." at the lum Inal aurfoce. 

ln a la .... INdy ~.t 01 ( 1966) elaborated on the behovfew of --
Chlcle lm. hm 

'1 

- . 1 

". 
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18 ta 32 houn of ote 'Nt .. tNattd wfth tr'trum-Ia~lIed thymldln. fo el<amJn. 

the duratlon of the c.1I cycle and mIgratIon of the eelr nueltus durln; neural , 

tube elOlure. It VlQI noted thot the n.ur'Otctoderrn,VlOI CI pMudostroUff.d lay.r 

of coh,mnar ce"s~ Durln; tM cyel. of ONA synthtsll prlor ta dMslon, the 

nuel.t of thete e.III 'Nt" loc:oted near th. basal .urfae. In th. ou"r zone of , 

the neuroeetoderm; wlth the cytoplaam'c ~nes .xtendln;otowards the 
\.., 

, 

lumlnal aurfaee. Thl. Q!fft the n.ul'Otttodermal etlls an oVlron w •• sha,., 

~ 
wlth tbe narrow apex Ifnln; th. lum.n. When the nuele~ MI ready ta dM. 

ft ml;rated towordt the oplcal end of the c~",' whlch WCII the surface of the 

ctH ln contact w'th the lumen of the eleve/op'n; neural tubt. Durl"; mltOir. 

the cel! btc:ame qui'" large and round and, 'n datng so, "WrMd the orIentatIon 
1 

of the etH's wedgre aha~. After campl.Hon of mltoa'., the nuel.t of the , , . 
If. , 

dough .. , cells mlgn:ated bocle to thel, origInal petItIon ln the outer lont, retumlng 

the cell ta 'ta 'n'tral appearance. ~gman e.poIId the·cells to vlncrflt'n., 

'whlch aMI" the cell. 'n metaphaM f and noted that the Mural fol. fofled to 
" , 
ct .. , but 'nateod .. In th. .wn.d manner charae .. ,ltt'a of .x.ncephaly. 

Exomlnatlon of the cella showed thot the nuel.l, ln ar,.ted m'toa" , we,. 
accumula .. 'n eN IMe, 10ft. and .-pfoted • a h 'the' thaft normal proportion of 

dlvld1ne cella alClftI the h.mlne' ,urfa.. Correspond'n, to ~la, tfMt~. shape 

of many 01 the ciU, WGI .'.ted 10 that the broocI batt flMd the aurface of the 

,,,,,,,,'. "1M,.foN 1 ft WCII conc'ucMcI that the wedgt I~ of "" c.lla gui" the 

J 
l , 
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1 dlrectron of moYement. In the normal .ltuatlon 1 th. broad baN of th. w •• WCII 

located on the out.r surfac. for many of the ceU., forcIng th ... c.lI. of the 

neural faldt to tum '"ward, CIl the Ir dl,..ctfpn of movement, and fu.. In th. 

case of arre.ted m'tod., an abnormal.y hlgh proportfon of th. larO', round 

nuel.t w.,. laeated at the lnner surface. The broad ba .. of the .. c.lI. Itned the 
, 1 

J 1 \ ' 

lumen, coUltng the dlrect'on of movement of the neuroectodtrmal cel'. to be 

,..vened, at:ld leadlng to .verted growth of the neural farda. Th~ model fi 
f' 

e .. clanyattractlve fo, dtttrmfnlng the ca\M of neural tube noncloau,.. wh.n, 
1 

QI wfth 'nsull" trtatment t a large Ica fn volume of th. neul'OIctodtrmal t'oue 

WCII not pretlnt. On. cannat then propœe 'n.uHlc'.nt Qmounl1 of the tflSue QI 

the rttason for the fall"",, of th, n.ural roidi to m .. t and fuM. 
! 

ln the pNIIftt .Ndy 1 tt,~ control data fndrcàted that th. pattem of 
1 

mltotlc actMty ln th. neul'Olctoderm conl"Nd of CI twofOid fnCl'tCllt fn the rate 

Dy 010/6, WMn campared to the rate at 08/12. The rate of m'toa" ln the 
~ / 

MUI'OIctodtrm appeared to bt afftcttcl by the Cldmlnlttrotlon of lnlulln, whU. 

the rate ln the undtrlylno ~ tHmtd to be unalttfld'by the 'treatmtnt. 
~ 

, The narmal lm. front the trtated mutant and nonmutant c .... followecf the 
\ 

trend of mltotlc actlvlty lHft ln the centrol QI'OUflII. The exenctphaltc: emtwya. 
-

hm ~ trtatecl nonmutent cr.- an~ .... exencephalfc embryoa wlth the normal \ 

bocIy ... hm the tNated mutant .... ,ehowed, by 010/6, 0 tWofold .è ..... 
Dl-'6 val"" of the rnean mllotle 'nd' ... for the.. Mo groupa of alfect.d tmbryo. 

w... not .1"""cantly·d .... n. froIn .. Gno ...... 

IL 

, 1 
\ , 

• 
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Thl, .creaae ln the rote of mlteels alter treatm.nt mav have 
1 

occutrlld CIl a d' ... et .fr.et of the rnlulln on the cor~ydrate m.tabollsm of the 

cel!. A fade of lubltrote avaUobmty was .lImlnated 01 a potentra'( cause, but 
l , 

the poalbtlfty that Insulm lueceufully block.d som •• nzym."ft'I.dlated pathwoy 

of oxfdatlve phOiphoryfatlon .tUI .xl.Nd. Th. "'lUltlng d.pl.tton of ATP ,toNt 

would brIn; to a hait ail .ntrgy-requlrtn; c.1I proCIUeI, of whlch cel! d'vl,lon 

WOI on •• , The dtvuptton of cell dM,lon may have, 01 ln tht CGM of vtrtcr"tln. 

ITt9tm.nt, J't!Iulted ln an abnormalty large proportIon of etll. poaeuln; the 

... w .... Wldge .hape pre .. nt durln; mltOlI., whlch ln turn forced th. 
l , 

Muroectodtrmal cell, of the folds ta grow ln an outwordl dl ... ctlon. Th. tum1n; 

proctSI of,th.,.mbryo, t-cm an S to a C-shaped c:onffguratfon wClt ... n tG Ile 
1 

delayed ,ln, up to 37% of ~. tmbryOl From the treated mutont and nonmutant 

croMI. The lack: of awt!abf. ATP alter Insultn treo"'rtnt could 0110 'lCplatn 

, the '08 'n thl •• ntrgy .... pendent procea. 

The tmbryol demon.trCltfng the dlcrtcIIt ln n.UfOtctodtrmaf ctll 

act'v'tv WI ... probably not the OMS htteroaytCM for ont of the mutant QI'*. 
The .JCIIIftcephanca whole n.uroectodtlm thowtd a twofold .CNaM ln mltotfc rote 

were fram the trwated nonmutant CfOIIII, .mg thtm cl .... ly wlld-type, or vttN 

the normal body Ihaped OMI hm the trM" mutant CroMI, .In ..... tl'" that 

they d'd not ,.... ont of the mutant,....... The mutant cr.-'I ptoduced wllcl-type 

.. he .. roIytOUI offaprfnt 'n a 111 rotfo. Th"" !enowlng that txenoephaly 'MIl 

l, , 
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Induced ln the offsprlng·of th. treated nonmutant crau .. , SCJm' of th •• mbryoa 

from the mutant crOSl4tl respcndtnQ to th. Insultn treotm.nt w .... of t'he wUd-type 

genoty.,.. Th. large decreCII. rn th. rate of mltOlts ln th. ceUs of th. n.uroeetoclerm 
1 \ 

ofter Insu"n treatm.nt may th .... fore be Ifmfted ta th. wHd-type .mbryoe. 

Thl •. concept ,. Nrther lu~d l'on. looks at m1t~'1 ln th. 

n.uroectoderm of the .xenc=ephorrc embryoe wfth the abnormof hrndbody lhape from 

th. treated mutant eroues. It IIIUggested that th .... mbryoe w.r. heterozygous for 

one of th. mutant SIl".., for reoaon. to be deolt wtth lote, rn th', dtlcuaron. 

Approxlmatlt)' 30% of th •• mbryOl From each of th. treated mutant croae.' .xhtblt.d 

.xtenslve twlat'na and ktnklng of th. lower body Nglcn. Th .... mbryoe weN (liways 

exencephal le. The rate of mrtaaf. 'n th. neuroec:todlrm of these ""bryoe appeored to 

dtffer t'rom thCM of the untreated .mbryot, th •• )(.ncephalfc .mbryoa From t" ~ted 
nonmutant c ..... , and the exenc.phallc .mbryca whh th. normal hfndbod)' shape 

front the tntoted mutant cre •••• The rate of mhOl" d'd not dec:...o.. berow the 

08/12 value, but lnateod followed the tNnd, .hown by th. control data, to unc:htrgo 

o graduai and contInuo ua tnc:rease durtn; the perfod of n.ural tube clOlure and eorly 

braI" formatIon. However, the DI0/6 value of ~ l'MGn mrtotrc 'ndlx Mwr reached 

Q wtue that ~ twl,_ the moan1tufM of the 08/12 value 1 sUQlelttng that the fncreoae 

'"" 'n thete •• tt.phoUe embryoa WtII net J. 'otee al thot ln !h. control '"'~. 
The D10/6 mean m'totle ,_. of thete embryoe dffrerwd " .. r"cantry from that of 

both the normal ..,..ci __ .phana from the trHNd mutant croit •• and th. 

...,cephal fa trom the tNo .. d nQftfftutent CN..... Th", the "-', ln tNCIfment a .... red 
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- tO~llow the Inc,.ase ln the rate of mltall. In th. n.uroectoderm oF th ... embr'fOl, 

but wQt not abl. 10 greatly deCrtale the rate 1 as had be.n SM" ln th. .xene.phal le 

embryCl wlth the normal body lhape From both ~~mutant and mutant CrosMlS. 

The progresilon of the lncreose ln the rate of n.uroectocMrmol m'tosls hod be." 
slowed, but not ltopped, and ~.rtatnly nat reversed: It cannat be conclUllvely 

ptoven or dftproven at th., t'm. thaf'thrs slow'ng clown of th. rncreaM rn th. 
~ . 

mltotle rate alter Insultn treatm.nt w~, i;y ' .... If, sulffetent ta c:GUM .x.nc.pholy 

ln th. embrycl'wlth the abnonnal body shape. Th. fact that the oth., exence~ltcs 
1 

.howed a rnarlc.d decntaJl, by 01016, ln the rate of mitai", compared ta th. 08/12 

value, argues that a very .. vere change ft neceuary for damage ta the neuroectoderm, 

lumer.nt to COUII .x.ncephaly, ta aceur. V.t, If one contldera a th .... hold .lftct, 

th," th. exencephalfe tmbyos wtth the abnormal body shape cauld he demonstrotfng 
~ 

the mInImal omo",t of damage netded for the productIon of .xene.phâly. The 

other .x.ncephalfca wfth the .. vere deCNaII ln the neuroectocMrmal m'totte rate 

ft "mply .xp ..... lng CI more .. ..,.,. form of the damage, oYlr ond"abol. thot nnded 

ta __ "- ~tn rnal~tf~.----~Y.ral factors a'Vue aga!Mt the latte,. ÂIIurnlng, 

QI before 1 thet the normal body lhaped .xencephal1c .... bryoe ore of the wUd-type 
\ 

genotype, the latter Ideel I ...... b the wl1d-type embryol ta be more IUlcept1b1. ta 
... 
the terotogenJc ,"'cl'l af 'naulfn. Th, lower fNquIncr_ of ... cepholy .,ong 

the nanmur.tt Craai ~ ... ""Intd br the ............. Ndy ... not aupport 

suoh a eonoept. 

• 

1 
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It haa 0110 t... _lMMd that. the abnonnal body shaped .mbryOl 

w.,. heterozySlOUl For one of the mutant gen... TheM Rf/+ and Cd/+ 'nd'v'duals 

, were cany''''' OIn .. that 1 rn the'r homozygoUi fo"", produced spontan.ous , 

exen cephal Y • Rf/+ le Rf/+ and Cd/+ le Cd/+ matlnas VIe,.. set up and the Utten 
1 w.,. 'leamfned for _ponton.OUI exen~ly. The exenc;ephallc embryOl coll.cted 

p' ..... d Q k'nklng and tw'.t'ng of the htndbody that cloeely ,...inbled .ne 

abnormal body th .... n ln the exencephallc embryoa from the treated mutant 

crouet. Hlatologlcal analysf. of the affected embtyoe From th, trlated mutant 
1 i 

croaet 'ndlcattd areas of som'te dlaorgan'zat'on ln the thOfQc'c and tumbar regfonl 
, 

of the neural tube. Abnormal som'te development had bHn flolated QI one of the 

characterr.tJCI of both the Cd and Rf homozyVOUl mutants ( Morvan, 1954; Thell.r 
\ 

and Steven" 1960). Thete homozyoo'" olten we,.. resorbed by 09" or 010, yet 
1 

both the exencephaly and the abnonnallcfnklng of the body thope could stm bit 

recognlzed. In th. hetel'OZygoUi fom, the ...... c:t of the mutant genet on the 

developlng .fal meaodtnn lM ta "-d rU. ( Rf Qlftotype ) and smalt 1 fUMd 

ve .... bral Cltntra ( Cd genotypt ) 1 ."cta ttlat, wh Ile Mrvlng as marbra for the 

prtIIeftce of the QIMI, dfd not CCIUM fotal dtlNptfona ,~n dtveloprnent. 

" The .tmllar'ty of the tw'.tee! body .hape of the .xen'cephal'c emhryoa, 

~ 

from the Ma" mutant CI'OIIII, to the body .. of the I.fttreoted IlCIIftcephal 'e 
""~ homoaYIlM for one of the mutant",.,. arguee ~ the ~r .Ing 

.' , 

o . 
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heterox>,90us for one of the genes. The insultn tnteraeted wtth th. mutant genes 

to produce phenocopies of the homozygous state. Th, ,insultn disrupted the somite 

organizatlon of the developlng heterozygote, mimlckl"g the condItion as It occurt 

spontaneously in the homozygotes. The somite disorgonlzatlon led to extensIve 

k ink lng and tw istlng of the body, cousing a distortion of the normal C - shoped 

configura'tion. The mechonlcal stress exerted on the dev.loping neural tube by 

the abnqrmal body shape could thus exert a force sufficient ta prevent the netlral 

folds from fusing. 
1 

Thus the formation of exencepholy ln the gene-carrylng embryos 

of the mutant crosses may be separcted From tfs development ln the wnd-type 

embryos by postulatlng two distInct mechanisms. The wtld-type embryos may have 

1 

developed exencephaly bya dfsruptlon of mltosfs ln the cells of th. n.uroectoderm. 

The severe interruptIon ln the rate of mltosis wal due to 0 bloc:koge of earbohydrate 

metabollsm thot ex tended btyond a m.re decrease ln substrate avo Hab" 1ty. Th. 

subt.quent lou of ATP resulted ln a eea~t'on of mltotTe actlvfty. As tJ. cells w.,.. 
prevtnted fram Inltfatm; or campl.Hn; th. divIsion proceIIt the accumulatIon of 

large, rCMd nue'.' 1 ready to dlvl. , along the surfaci of the lumen drstorted th. 

spatfal orlentatr~ of th. neuroeetodermal ce"s 1 forerng l'hern to rnove ln an 

outwarcls df,..etfan. Thua, the Muftll folds drd not fuse, but 'nstead grew apart 'n 
u 

Ion .vvted manner. 

• LI •• 
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The mutant"~ produced both w"d-type and heterozygote 

offtpr1n9. The .x.ne.phone embryoa with th. nonnal body shape From th. tœated 

mu"'nt crosses w ... wUd-type embryas, ~ the opparent dtcreàSe ln th. rot. of . . 

mftolls ln th. neuroectodem:! could have CClus.d ex.ncephaly ln th. mann., dtserfbed 

above. 

Th •• xencephal te tITIbrycs whh the abnormal body shape 'Nere 

thought to be heterozygous for on. of the mutant gen.s. The constant ln creas. ln 
1 

the rate of mttolt. ln the neuroectoderm, as IMn ln the control data, ... med to be 

slowed by the Tnsultn, but n.ver de~ to the pornt where th. value feU bel~ 

the 08/12 value. Thfs effect of the 'nsull" may therefore bé cons7d1r.d CIl secondary 

to tht.effect on the .veloplng somItes. It l. hypothesJz.d that the lnsultn ~tment • 

dfsruptR the somite organtzatron ln Q manne, thet mtmrcked th. naturally oceurrtn; 

condltfon among th. mutant homozygotes. The presenc. of • rther of th, mutœt genet 

predhpoMd the moult to exencepftaly, wlth the IMutln tnteraetfrig wfth th. gents to 

produce phenocop .... The lU""". kfnlcfng of the bOdy placed severe ln.. on 
, 
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E. Summary 

The followlng pornts are 0 summary of the moln observatIons 

and canclusTons pmented rn thr. the,ts. 

1. The nonparallelfsm of the dose-response CUNeS of lnsultn-'nduced 

ex.nc:epholy for th, crosses wTth th, A/J doms tndfcated the presence of CI 

gent-teratogen Tnt'l'CIct1an~ The probft regresslon Unes for th, mutant CfOiset 

( Cdj+ x A, Rf/+ x A) could be fhted to a common slope that WCI, sfgnTfJcantly 

dffltre"t From th. common slope of the probft regressfon Ifne. for the nonmutant 

crcsses ( +/+Cd x A, +/+Rf x A, A x A). 
c 

2. A gen.-teratogen lnteractlon wc. olso rndfcated fr&n CI study of 
. 

th. cIose..,..ponse curm of lnsulln-lnduc:ed exencephaly for the crosses wfth the 
.' 

SWV clams. The-problt NQttI!IIron Une. for the mutant Cl'OSIts ( Cd/+ X SWV, 

Rf/+ x rNV) we,. fttttcl to 0 commcn dope 1 on. that WCIl slgnlftcantly dtffe ... nt 

front the common Itope of the ,.....fon If,. for the nonmu~t troues (+/+Cd x 

,:·f SWV, +/~ x $WV, WN x SWV). 

3. For fnsulfn .. Jnduced reaotpt'on 1 the dott-mponae CUMM for the . . 
, tt l 

~ wfth the A/J dams wreN allo nonpcsrollel. The probr~ reg ..... lon Un. for 
c • 

the mutant C,... fltted a comman .Iope that WCII Iftnfflcantly dJH,rent From the . " 

" , 

" . 

" 



• 

" 

" 

• 

.. 

the .Iope values for ..,.. two groupa die! not d'1ft, Ir." rftcantl y 'rom thoea 
1 

fou,d for th. probIt ", ... Ion Unes of fnsulfn·fnduced .xencephafy. 

4. The dole 'NIpOI1Ie CUMi of I",ulfn·lnductd Nsorpt1on for the 

c ..... wrth the swv dams ~utd be ntted to ont COTmor\ slope, and tht slope 

value fOr thiMt .paraUtl If".. WCII nO. Ir"fff~tfy ~r"'rtnt from the on. ~d 

for the probrt l''tg ... ron n".. of lnlulln-fnductd txtncephal.y for the rionmutant 

, 

5. Examfnatton of tht 1k.lttqlsh'Ucturt of 01'a tmbryol From th. 

t...attd rNV c.-. rnd'cat.d thet Q .fgnJflcantly hlghtr 'requency of t)(tnetphaUc 

tmt.Yoe from th. ",~t c"*" pcaeatd"rb C!lnd,vertebtal"molfonnotJonl. Analysls 

, ,of the data lndfcatecf ,M. to be dut to the tJCprtIIlon of the mutantogtMl 1 and not 
.. ~ , ". 

due to the achrn"tratlon of '",uU" 1 supst1no that many of th. tXtI1cephollc 

tmbryOl, front the 'mutant c .... , were htterozygow for tlther the Cd 0' the 

Rf .... 

1 • 

tube cl ... rMaled lhIt IOMI of the lXtnoephadc embryCII~ front .... tNaftd 

mutant CroIIII only 1 0110 ,aMi •• d an oblormoT twlltlne of the hlndbody:ttruCNN 
, ' 

"' that mrm'aked the obnoftnal ..n"'-'an occurrIni IpOfttantoully ~ 
\ 

~ u 1) , .. -

" exencepha.rc ~ homoraygoua for .r .... , oF ~ mutant..,.... Lorlfra' 

. 
1, 
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tnCIl~'. of the data ahowtd .' .. 'ffcant relatlonahlpe to .xllt amonl th. pathl~ 
of 'Nfn'na and Mural tul» cl.ure; tl"lCltmtnt, and or';'" ( the CI,.. ) of the 

tmMyo. 

7. Ht.toIOlf., ..... I",tl_ of control and trtated tt.Ut 'nd'Gated 
. th,. the neu .. o~ 0' .,.~Ira .... ryoe (wfth a nomMll taody lhape ) 'rom 

the t ........ non_tant .... ""'*,... a rtduat'an 'n the rate 0' mhOif. a''', 
" t,.....,. •. The MUMe_"" ,of UlnGeflh!UO .mlMyoa, w'th ,"'o,,"ormal t.ody 

'Mpe, 'rom the _Nd mu., ...... dfd not thow th, •• oNlCllld rate, altha. 

thé rate allO d'ct net ln .... te th. OOfttro' Yetl",,_ Mft.r.ln the "".odt"" 
" , 

Of I:toth irouplappel" te. une'"'''' I»y the tNCItlMnt. Soml ... ln the tho ... cfc 
" q , 

and luntllar ,,,,Iton. of .... phaUa .~ wfth tht ~,"",I body .hape 'Nera 

...,. te • poorI~ ."""" w'tt, """ d''''II"II,tlon and mt.tI,"",tnt 0' the 

tltM;'. 

'1 , Nt uft.rt~t"' ~, .... t.IIM"'I"" ~ the ..",-terat'" fn ...... fon ) . -
.,., <J " • 

",..tut.tM, ln wh'_ w"d.~' ....... , ...... ft""V ofttr 'MuHn 

t~t .. t .......... ",h .. ,. IItfv'ty 'ft .. nevfoM"*rm, ,In th, 

...... If, _~ wfth the ,lInonnal hln6oct~ .Nt,., .n,wd to • h~,.)'IOUi 
, , r 

- "' for.' of lM ~tant...,.., _ ... 1ft ..,. ",1 ... 1 •• ,!Jylty of the ~""" .. ,," " . , 

wtfl •• .,." hl .... ~I Mdy,"""eurotfon. Thl. pie_ a ...... an the 
, '--

" .vel.ft. "''", fol., ",vent'n, ,,1, fuel", ~ I.'nl Jo .. n .... ly.' 
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.Am..ndlx 1~ LIst ef _ ...... fi .. 1 ... c::a.wfa ....... lIalie .... -e,.ta • 

1 
l,." • , ... Il. 

1/18 ~, 1,- J 
1 

9/6 9/12 9/18 10/6 
". 

8/12 

1" ~_ 
2 C4/t-. A 2~xA Çl 2 Cc(It- x A 2 Cd,I- x A 2Ç41+xA 2 Ccl,4xA' 

21f./1-xA 21f/1-xA 21f/+.A 2lfftxA 2~xA 2Rf,4xA . , c 

2CcV+x$WV 2C44xswy 2C41+x$WV 2QVt-xSWV ,2C44 xSWV 2Ccf,4x SWV ... 
';. ... III" 

./ 

21f.A- x SWY 21f~xSWV 21f,.4-xSWV----- 21f/+ X SWV ", 

2~"xSWV 2-1/'" x SW'V 2+~CdxSWV 2+'" x 9IIV h< 
21f/+.SWV 2.x$WV 

2.f/'xWIV 2 ", .. et.. SYIV' 

(œaII" .-
~. .... 

" .. 
---

... mI •• ) 

2SWVxSWV 2-SWV,xSWV 2"':P x SWV )'SWVxSWV 

1 -t/./IS. ~ ,.yP.A 1 SV/V x SWV 2-t,4Cdx A -, 
-" 

1 -(-CAf x A -1 ""xA 1+~xA 1+~xA .J-' 
\~..,~ 

l~xÂ 
" , 2A-xA 2Ax,A 2AxA ,'. 

, l.f/t.Cd X MY 'SWV. S1IIV 
2SWVxSWV 2+,4-. A 

1 +JIll xA 2f1tO'xA 
2+JtCldx A lA .A 

<t , '. 
IAxA , 

~ 1;~ ~ 

2'C4A-.A 2 C4'+xA 2~.A :~~.< "" -. 
21f/+xA 21f1 xA 21f/-t-xA 

~~:. ., 
1~~ 

2C44-xSWV 2C4/+xSWV 2.C44-xSWV ~~.~'~. ~ 
, , 

,- 'ocp,..itc 

" 

21f1-t-xSWV ·21f/+x SWV 2lfJ x SWV ~~~~; 2+~SWV .J v'" x swV- 1 -t/-f-Ifx WIV 
1 SWVxSWV 14/tCdxSWV 2W1Vx SWV 

o 2"'" x A 2SWVx WIV 2+"'-.-'" 
l~xA 2.y..r::d x A 'Î~~xA 
2AxA 2-t/.,tIxA 2Ax~ 

.. 
.sus ua. 

c ...... 
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